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FATALITIES FROM HYDROGEN SULFIDE IN WELLS 


JOHN M. McDONALD, M.D. 
AND 


A. P. McINTOSH 
JACKSONVILLE, FLA. 


HEN a pile driver penetrates through filled earth and strikes the underlying 

mangrove swamp, a gush of hydrogen sulfide often escapes. The contractor 
pays for new paint jobs on the white houses nearby as a matter of course. In 
vegetable packing plants the wash water from either deep or shallow wells often 
gives off enough hydrogen sulfide to irritate the eyes of workers alongside the 
washer. The workers take turns in working at the job close to the washer. In 
some open bodies of water, sulfur springs and decaying vegetation combine to pro- 
duce enough hydrogen sulfide to darken the paint on boats as well as on houses on 
the shore. In many locations in Southern Florida the characteristic odor of hydrogen 
sulfide is commonly encountered, so that the residents tend to dismiss the presence 


of this gas as nothing more than an annoying nuisance until they are sharply 
reminded of its serious toxicity by a tragic incident such as the following. 


On Jan. 2, 1948, three men undertook the task of cleaning a well that was part 
of the water supply of a vegetable packing plant in the Everglades near Lake 
Okeechobee. The well was square, about 6 ft. by 6 ft. (1.8 by 1.8 m.) and was 
sunk about 20 ft. (6 m.) in the muck. First, the well was pumped out, and then 
the factory superintendent went down for a few minutes to probe the depth of the 
mud at the bottom. When he climbed out, a winch was rigged and a laborer went 
down to shovel mud into the bucket. After a few minutes, he was seen to fall 
forward in the mud and water at the bottom of the well. Another man went to his 
aid, but he too collapsed. A third man attempted the rescue and failed. When the 
bodies were brought to the surface, they were given prolonged artificial respiration, 
but none of them recovered. 

One week later, the Florida Industrial Commission and the State Board of 
Health made a combined investigation of the accident. An attempt was made to 
reproduce conditions prevailing at the time of the accident. The well was pumped 
out to a depth of more than 18 ft. (5.5 m.). Readings of the hydrogen sulfide 
content were made at various levels by means of an M.S.A. type hydrogen sulfide 
detector. The results are given in table 1. 


Dr. McDonald is director, Division of Industrial Hygiene, Florida State Board of Health. 
Mr. McIntosh is safety consultant, Florida Industrial Commission. 
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Air samples were taken for gas analysis in the college of engineering at the 
University of Florida. The analytical results were almost identical with those given 
in table 1. In addition, the average content of oxygen was found to be 19.8 per 
cent by volume, while the carbon dioxide content was 0.8 per cent by volume. 


Accurate reproduction of conditions of exposure is difficult to attain. At the 
time of the accident, January 2, the mud and water in the well had been disturbed 
by shoveling. There was no agitation of the water during the test on January 9. It is 
therefore quite likely that concentrations prevailing at the time of the accident were 
higher than those during the latter test. The climatic conditions at Clewiston (20 


mi. [32 km.] away) for the date of the accident and the date of the investigation 
are indicated in table 2. 


Taste 1.—Readings Made with M.S.A. Type of Hydrogen Sulfide Detector in a Well 
Supplying a Vegetable Packing Plant in the Everglades 


Level Hydrogen 
Below 


ulfide 
Surface Content 


TABLE 2.—Climatic Conditions in the Vicinity at the Time of the Accident and at the 
Time of the Investigation 


Barometric Air Relative 
Reading Temperature Movement Humidity 
29.94 69 8. W. 8m. 97 Partly cloudy 
OF N.3m. 100 Clear 


The primary cause of death was given as drowning in each case. Autopsies were 
not performed. It is therefore impossible to estimate what part hydrogen sulfide 
played in the causation of the deaths. It is known, however, that hydrogen sulfide 
has a paralytic action on the respiratory center. 


In order to prevent similar accidents, the measures listed in the following section 
have been adopted. 


SAFETY PRECAUTIONS TO USE IN CLEANING DUG WELLS 

1. Be sure the well curbing on top and in the well is substantial to prevent 
collapse and possible burying of any one working at the bottom of the well. 

2. Secure a power ventilator (similar to that used by telephone companies to 
ventilate manholes) with sufficient tubing to reach within 3 ft. (about 90 cm.) of 
the bottom of the well. Place the discharge end of the tubing in the well and blow 
air into the well for at least 15 minutes before attempting to enter the well. 

3. Keep the ventilator running as long as any one is in the well. 

4. A winch of sufficient strength should be provided or man power enough on 
the surface to pull a man out if necessary. 


Time 
7 a.m. Jan. 2 
7 a.m. Jan. 9 
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5. The person entering the well should be provided with a lifeline (good grade 
manila rope not less than % in. [12.5 mm.] in diameter tied securely around the 
chest under the arm pits), the surface end of the lifeline to be secured to some 
substantial object on the surface. The lifeline should not be removed from the body 
until the person is out of the well. 

6. A bucket with a properly secured bail should be used to hoist material from 
the well. The bucket should not be overloaded at any time. The cleaner in the well 
should stand to one side while the bucket is being either hoisted or lowered. The 
bucket should be hoisted slowly. 

7. In any case, should the cleaner notice dizziness or difficulty in breathing, he 
should immediately come to the surface. 


A TOXICOLOGICAL STUDY OF SOME POLYPROPYLENE 
(POLYOXYPROPYLENE) GLYCOLS 


C. BOYD SHAFFER, Ph.D.(Physiol.) 
CHARLES P. CARPENTER, Ph.D.(Med.Sc.) 
FRANCES H. CRITCHFIELD, M.S. 


JOHN H. NAIR Ill, MS. 
AND 


FREDERICK R. FRANKE, M.D. 
PITTSBURGH 


OLYMERS of ethylene oxide (polyethylene glycols, polyoxyethylene glycols) 

enter into a wide variety of industrial applications, including some concerned 
with foods and pharmaceuticals. Consequently their toxicological properties, par- 
ticularly those of certain members of the series, have been rather intensively 
investigated. By contrast, little is known or has been published on the toxicity and 
pharmacological behavior of the homologous series of propylene oxide polymers, 
although the literature on propylene glycol itself leaves little to be desired. Actually, 
a comparison of the two series provides an interesting contrast in the effects which 
this type of polymerization has on biological activity. Whereas the toxic poten- 
tialities of ethylene glycol are great, especially as regards chronic administration, 
propylene glycol is sufficiently innocuous that it may be employed as a solvent both 
in food products and in medicaments for internal use. The polyethylene glycols, on 
the other hand, are materials of a very low order of acute and chronic toxicity, 
whereas the polypropylene glycols, at least in the lower molecular weight range, 
exhibit a marked degree of pharmacological activity. 

Polypropylene glycols of several molecular weight ranges have been available 
in drum quantities for a few years. They are finding useful applications—for 
example, as hydraulic fluid bases and plasticizers. Unless their toxicology is more 
widely understood, there is a possibility that their physical properties will lead to 
such applications that ingestion may result in injury to the public health. 

Derivatives of the polypropylene glycols have been reported to be effective as 
fly repellents on livestock.! The only other literature on the biological properties 
of these compounds are brief accounts by Shideman and Moe ® and by Procita and 


From Mellon Institute of Industrial Research, University of Pittsburgh, and Addison H. 
Gibson Laboratory, University of Pittsburgh School of Medicine (Dr. Franke). 

1. Granett, P.; Haynes, H. L.; Connola, D. P.; Bowery, T. G.,.and Barber, G. W.: Two 
Butoxypolypropylene Glycol Compounds as Fly Repellents for Livestock, J. Econ. Ent. 42:281- 
286, 1949. 

2. Shideman, F. E., and Moe, G. K.: Production of Ventricular Extrasystoles in the Dog 
by a Polypropylene Glycol, Federation Proc. 8:332, 1949. 
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Shideman * of the cardiac effects of a polypropylene glycol and dipropylene glycol 
methyl ether, respectively. The polypropylene glycol used had an average molecular 
weight of 750 and produced ventricular extrasystoles when administered intra- 
venously to the anesthetized dog in total amounts ranging from 10 to 90 mg./Kg. 
Dipropylene glycol methyl ether was found to be a central nervous system depres- 
sant of relatively low toxicity. Injected intravenously in the anesthetized dog, with 
the animal under artificial respiration, it consistently produced auricular fibrillation 
at a dose level of 0.65 to 0.75 ml./Kg. 

Mono-ethers and di-ethers of glycerol substituted in either or both the 1 and 3 
positions may be regarded as derivatives of propylene glycol (1,2 propanediol). 
Certain compounds of this type cause flaccid paralysis, without loss of conscious- 
ness, and are capable of protecting animals from death of metrazol and strychnine 
convulsions. Mephenesin N.N.R. (3-0-toloxy-1,2-propanediol) has been extensively 
studied as an anticonvulsant. More recently, Berger * has reported that 2-diethyl- 
1,3-propanediol possesses unusually effective action in this regard. Although these 
compounds are not directly concerned in the present discussion of propylene oxide 
polymers, they are nevertheless mentioned to indicate the pharmacological poten- 
tialities of the basic structure. 


MATERIALS INVESTIGATED 


The manufacture of the polypropylene glycols is customarily effected by adding propylene 
oxide to dipropylene glycol. The alcoholysis of propylene oxide may take one of two courses, 
yielding either primary or secondary ethers of propylene glycol. Chitwood and Freure® and 
also Reeve and Sadle® have described the directive effect of catalysis on the cleavage of the 
epoxide ring and have shown that, with the simple primary alcohols, base-catalyzed reactions 
yield almost exclusively the primary mono-ethers of propylene glycol. Noncatalytic or acid- 
catalyzed alcoholyses yield mixtures of the isomeric ethers. 

The materials used in the present investigation were commercial products of a_base- 
catalyzed reaction. They are classified according to average molecular weight, the three avail- 
able being 425, 1025, and 2025. Physically they are liquids of progressively increasing viscosity, 
with a specific gravity of practically 1. They are more oil-soluble and substantially less water- 
soluble than the liquid polyethylene glycols. Polypropylene glycol 425 is completely soluble in 
water at 20 C., but polypropylene glycol 1025 is soluble to the extent of only 1.5 per cent by 
weight, and polypropylene glycol 2025 to 0.15 per cent by weight at the same temperature. 


PROCEDURE OF INVESTIGATION AND RESULTS 

Acute Toxicity—The acute toxicities of the polypropylene glycols orally and parenterally 
administered were determined on nonfasted, actively growing male albino rats of the Sherman 
strain, weighing between 90 and 120 Gm. These rats were maintained on Rockland rat diet 
(complete). 

All toxicity data on dipropylene glycol were obtained with the undiluted compound. Aqueous 
solutions or suspensions of polypropylene glycols 425, 1025, and 2025 were used for oral doses, 
but the undiluted compounds were employed for intraperitoneal and intravenous injections. The 


3. Procita, L., and Shideman, F. E.: Production of Auricular Fibrillation in the Dog by 
Dipropylene Glycol Methyl Ether, Federation Proc. 9:309, 1950. 

4. Berger, F. M.: Anticonvulsant Action of 2-Substituted-1, 3-Propanediols, Proc. Soc. 
Exp. Biol. & Med. 71:270-271, 1949. 

5. Chitwood, H. C., and Freure, B. T.: The Reaction of Propylene Oxide with Alcohols, 
J. Am. Chem. Soc. 68:680-683, 1946. 

6. Reeve, W., and Sadle, A.: The Reaction of Propylene Oxide with Methanol, J. Am. 
Chem. Soc. 72:1251-1254, 1950. 
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method of Thompson? was used for the calculation of either the range finding or the advanced 
L.D.%, both of which are based on 14-day periods of observation of the dosed animals. For 
the determination of the range finding L.D.so (R.F. L.D.s) five animals were used on each of 
three or four dose levels differing by a factor of 2. Similarly, 10 animals were used on each of 
four dose levels differing by a factor of 1.26 for the determination of the advanced L.D.% (Adv. 
L.D.%). In certain instances it was impossible to calculate the fiducial range, namely: when all 
rats survived at one dose level and all died at the next higher level. The intravenous R.F. L.D.so 
for polypropylene glycol 1025 was calculated on actual mortalities of five of five rats at 0.252 
ml./Kg., three of five at 0.126 ml./Kg. and predicted mortalities of none of five rats for doses of 
0.063 and 0.031 ml./Kg. The latter two levels were not given because of the technical difficul- 
ties involved in injecting amounts smaller than 0.01 ml. into the tail vein of rats. 

A summary of the findings on current production lots of these glycols is presented in the 
table. The L.D.so data are set forth in terms of both grams and millimoles of compound per 
kilogram of body weight. The L.D.s in Gm./Kg. may be considered as indicating the practical 
hazard of a compound whereas the L.D.s in m#/Kg. better expresses the actual quantitative 
toxicity. It is apparent from inspection of the table that by either method of evaluation 


The Acute Toxicity (L.D.0) of the Polypropylene Glycols Administered to Rats 
by Various Routes 


Route 


Oral* Intraperitoneal Intravenous 
A. 


Compound Gm./Kge. Mu./Kg. Gm./Kg. Mu./Keg. Gm./Keg. Mu./Ke. 
Dipropylene glycol 14.85 110.68 
(10.65-20.72) 
2.91 6.85 
(2.65-3.19) 
Polypropylene glycol 1025 2.15 2.10 
(1.19-2.41) 


Polypropylene glycol 425.............. 


Polypropylene glycol 2025..........+++ 2.21 


9.76 4.82 
(8.85-10.76) 


eases it was used undiluted. The numbers in parentheses indicate the fiducial range (p = 0.05) of the L.D.se 
expressed as grams per kilogram. 
t No range was calculable. See text for explanation. 


dipropylene glycol is less toxic for rats by any of the three portals of entry than the poly- 
propylene glycol series. Furthermore, the molar toxicity of the latter compounds reaches a 
peak at a molecular weight of 1025 and then declines. 

Oral doses of these compounds, within the ranges given for the L.D.so. values, caused slug- 
gishness, prostration, tremors, convulsions, and rapid death. Gross pathologic changes observed 
in rats which died included minor hemorrhage of the lungs, congestion of the liver and the 
spleen, ischemia of the kidney, and injection of the blood vessels of the intestines. 

Lethal intraperitoneal doses of dipropylene glycol caused narcosis, while tremors, prostration, 
frothing at the mouth, and audible rales preceded death from doses of polypropylene glycols 
425, 1025 and 2025. 

The symptoms prior to death following intravenous injection were quite similar to those 
following intraperitoneal administration except that polypropylene glycols 1025 and 2025 caused 
convulsions. It is of interest that polypropylene glycol 425 proved to be twice as toxic to rats 
when injected as a 20 per cent aqueous solution than when given undiluted. This observation 
was made on two different samples of polypropylene glycol 425 and is contrary to the general 
observation that a compound diluted with water is no mere toxic than the undiluted substance. 

Evaluations of skin penetration according to the method of Draize * demonstrated that poly- 
propylene glycols 1025 and 2025 do not penetrate the skin readily as groups of five rabbits on a 


7. Thompson, W. R.: Use of Moving Averages and Interpolation to Estimate Median- 
effective Dose, Bact. Rev. 11:115-145, 1947. 

8. Draize, J. H.: Woodard, G., and Calvery, H. O.: Methods for the Study of Irritation 
and Toxicity of Substances Applied Topically to the Skin and Mucous Membranes, 
J. Pharmacol. & Exper. Therap. 82:377-390, 1944. 


| 
(2.79-7.15) R. C.) 
\ * For oral doses the material was used as a 20 per cent solution or suspension in water. In all other 
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dose of 20 ml./Kg. survived the 24 hour contact period and a subsequent 13 day observation. 
Polypropylene glycol 425, on the other hand, penetrated the skin to some extent, as evidenced 
by the death of two of five rabbits at 20 ml./Kg., and one of five at 10 ml./Kg. of the undiluted 
compound. 

Substantially saturated vapor was generated at room temperature by bubbling air at 2.5 1./min. 
through a fritted glass disk immersed in 50 ml. of the undiluted material contained in a standard 
gas-washing bottle. The effluent was passed through a 9-liter desiccator containing six rats. 
Polypropylene glycols 425, 1025, and 2025 caused no ill effects in groups of rats exposed for 
an eight-hour period. 

In a somewhat more drastic but similar test the gas-washing bottle containing the com- 
pound was immersed in a bath of a liquid silicone held at 170 C., and groups of rats were 
exposed to the mist and vapor so produced. Polypropylene glycol 425 mist was lethal to six 
of six rats in two hours and to one of six in one hour. Identical results were achieved with 
polypropylene glycols 1025 and 2025 in that these killed six of six rats in an eight-hour exposure 
and none of six rats in a four-hour exposure. Inhalation of a mist of polypropylene glycol 425 
would be moderately hazardous, but mists of 1025 and 2025 would present only slight hazards. 

The polypropylene glycols are bland, unctuous compounds and they produced no irritation 
when applied once to the clipped skin of the rabbit belly or when applied eight times to the 
same area within four hours. 

An excess of polypropylene glycol instilled into the eyes of rabbits caused trace injuries to 
one or two of five eyes tested with each compound. On the basis of these findings these glycols 
would be classed as harmless agents as regards eye hazard. 

Absorption and Excretion—The ability of concentrated hydriodic acid to decompose alkylene 
oxide polymers to olefin and alkyl iodide provides a convenient method for estimating the poly- 
propylene glycols if sufficient amounts of samples are available. This method has been used in 
the present study to estimate the extent to which these materials are absorbed from the gastro- 
intestinal tract of the rabbit after a single oral dose. The details of the procedure are the same 
as those employed in a similar study on the polyethylene glycols.® The over-all procedure is 
neither highly accurate nor precise, principally because of almost unavoidable errors in the 
collection and extraction of the excreta; nevertheless, useful results may be obtained thereby. 

Polypropylene glycols 425 and 1025 are absorbed readily from the gastrointestinal tract, and 
a certain proportion is excreted in the urine in the form of a metabolite whose infrared absorp- 
tion spectrum does not differ appreciably from that of the original material. From 17 to 39 
per cent of polypropylene glycol 425 is recovered from the urine of rabbits after a single oral 
dose (0.5 to 1.0 Gm./Kg.), and about 40 per cent of polypropylene glycol 1025 under similar 
conditions. Less than 10 per cent of the dose of either of these compounds is found in the feces. 
On the other hand, from 40 to 70 per cent of an oral dose of polypropylene glycol 2025 (2 
Gm./Kg.) is excreted in the feces, while only a negligible amount, if any, appears in the urine. 
Despite the uncertainties of the analytical methods, the conclusion appears unavoidable that 
the major portion of the dose of the lower polymers is destroyed in the body. 

Comparison of the infrared spectrums of polypropylene glycols 425, 1025 and 2025 reveals 
no differences that can be attributed to differences of chain length. Therefore, the possibility 
that within the body these compounds may be degraded to materials of shorter chain length 
could not be determined by infrared examination of the product isolated from the urine. 


Cardiac Function.—The cardiac effects of the polypropylene glycols were investigated briefly 
in a series of eight adult mongrel dogs. The animals were lightly anesthetized with pento- 
barbital sodium prior to manipulation, and in a few cases the respiratory rate was recorded 
as well as the electrocardiogram. Only polypropylene glycol 425 was given intravenously. In 
doses of 10 mg./Kg. to 50 mg./Kg., diluted 1:10 in saline solution, this compound produced 
acceleration of the cardiac and respiratory rates. At the lower dose the effect on the electro- 
cardiogram varied from a barely perceptible change of contour to the presence of occasional 


9. Shaffer, C. B.; Critchfield, F. H., and Nair, J. H., III: The Absorption and Excretion 
of a Liquid Polyethylene Glycol, J. Am. Pharm. A. (Scient. Ed.) 39:340-344, 1950. 
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ventricular extrasystoles arising from one focus. Intravenous doses of 50 mg./Kg. precipitated 
violent clonic convulsions in the animals and increased the heart rate to nearly double the 
control value, the respiration being of the shallow spasmodic type. The electrocardiogram 
exhibited multiple ventricular ectopic beats arising from at least two foci. In each instance it 
appeared that the respiratory effects preceded slightly the cardiac effects. In one case, an electro- 
cardiogram was taken 24 hours after the animal had recovered from a 50 mg./Kg. dose, and 
the record was entirely normal. 


These effects on cardiac function and respiration were demonstrable shortly after oral doses 
of polypropylene glycol 425 had been given to anesthetized dogs, and are indicative of the 
rapidity with which this compound is absorbed from the gastrointestinal tract. A dose of 50 
mg./Kg. was not sufficient to elicit them in two cases. However, at a dose of 0.1 Gm./Kg. an 
increase in heart rate, together with a change in the contour of the electrocardiogram, was 
detectable within as little as three minutes. About 10 minutes after administration of the dose, 
premature ventricular beats from multiple foci became evident. Following an oral dose of 
0.5 Gm./Kg., another dog went into convulsions within three minutes. The heart rate increased 
from an initial value of 130/min. to 250/min. at four minutes after dosing, and frequent ventricu- 
lar extrasystoles showed on the electrocardiogram. 


Polypropylene glycols 1025 and 2025 in oral doses as high as 1 Gm./Kg. and 5 Gm./Kg., 
respectively, produced no appreciable effect on the electrocardiogram within the 15 minutes 
following the dose, during which the record was taken at frequent intervals. 


Dipropylene glycol injected intravenously at a dose of 0.77 Gm./Kg. (undiluted) had no 
appreciable effect on the electrocardiogram ; however, a dose of 50 mg./Kg. did precipitate further 
premature ventricular contractions in an animal that was recovering from a total intravenous 
dose of 60 mg./Kg. of polypropylene glycol 425. 


Mechanism of Action: Effects of the Polypropylene Glycols on Certain Enzymatic Reactions. 
—Since the acute effects of overdosage with the lower polypropylene glycols appear to be medi- 
ated by the central nervous system, a study of the manner in which these compounds act on some 
enzyme systems of brain tissue was undertaken. Rat brain homogenate was used as the source 
of enzymes, and the conventional Warburg technic was employed to determine gaseous exchange. 
Anaerobic glycolysis was measured by the method of Utter, Wood, and Reiner,!° and the oxida- 
dation of glucose by the procedure of Reiner.12 Succinic dehydrogenase and cytochrome oxidase 
activities were determined by the method of Schneider and Potter,!? cholinesterase by the method 
of Mazur and Bodansky,!* and urease by the procedure of Potter.14 With a single exception, 
only one concentration of each compound was tested, namely, 5 x 10°°M as based on the final 
volume in the reaction flask. 


Under the above conditions none of the three polypropylene glycols exerted any effect on 
the rate of anaerobic glycolysis or cholinesterase activity. Similarly, no effect was observed 
when they were added to a test urease system. Polypropylene glycol 425 produced no inhibi- 
tion of the succinoxidase system, although under the same conditions polypropylene glycols 1025 
and 2025 caused 41 and 52 per cent inhibition, respectively. An increase in the concentration 
of polypropylene glycol 425 to 1.2 x 10-2M has no effect on the activity of the system. 

Only polypropylene glycol 2025 was investigated with respect to the cytochrome oxidase 


system. Again at the 5 x 10°M final concentration it inhibited the activity of the enzyme 
to the extent of 25 per cent. 


10. Utter, M. F.; Wood, H. G., and Reiner, J. M.: Anaerobic Glycolysis in Nervous Tissue, 
J. Biol. Chem. 161:197-217, 1945. 


11. Reiner, J. M.: Carbohydrate Metabolism in Tissue Homogenates, Arch. Biochem. 
12: 327-338, 1947. 


12. Schneider, W. C., and Potter, V. R.: The Assay of Animal Tissues for Respiratory 
Enzymes, J. Biol. Chem. 149:217-227, 1943. 

13. Mazur, A., and Bodansky, O.: The Mechanism of in Vitro and in Vivo Inhibition 
of Cholinesterase Activity by Diisopropyl Fluorophosphate, J. Biol. Chem. 163:261-275, 1946. 


14. Potter, V. A.: The Inhibition of Sulfhydryl Containing Enzymes by Split Products 
of p-Dimethylaminoazobenzene, Cancer Res. 2:688-693, 1942. 
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A study of the effects of the polypropylene glycols on intermediary carbohydrate metabolism 
showed that these compounds have no direct inhibitory action on anaerobic glycolysis, but all 
three exerted an inhibitory effect on the oxidative phase of the process. At the 5 xX 10°°M 
concentration polypropylene glycol 425 produced approximately 44 per cent inhibition; poly- 
propylene glycol 1025, 64 per cent; polypropylene glycol 2025, 75 per cent. No attempt was 
made to localize further the exact site of this action, other than the work with succinic 
dehydrogenase noted above. The involvement of this enzyme does not fully explain the results 
obtained on aerobic glycolysis since the dehydrogenase was unaffected by polypropylene glycol 
25 in the concentration used, whereas the oxidative process was inhibited to the extent 
of about 44 per cent. 

In testing the influence of these compounds on aerobic glycolysis, all the components of 
the reaction mixture except the tissue were added to the main compartment of the Warburg 
vessel and equilibrated for 10 to 20 minutes in the water bath before the homogenate was 
added from the side arm. Manometer readings were taken approximately two minutes after 
tipping in the homogenate, and again at 10 minute intervals thereafter for a total of 40 minutes. 
Under these conditions, there was a progressive increase in the amount of inhibition exerted 
by each of the polypropylene glycols. The figures given above represent maximal inhibition, 
based on the last observation period. In a separate set of experiments, the inhibitor (poly- 
propylene glycol 425) was incubated with the homogenate in the side arm for a period of 20 
minutes before mixing with the contents of the main compartment; however, this preliminary 
incubation did not appreciably increase the degree of inhibition in the initial periods of 
measurement. 

This progressive increase in inhibitory activity was observed with polypropylene glycol 1025 
acting on the succinoxidase system. The situation is comparable to that of a compound studied 
by Herrmann and DuBois.15 The explanation advanced by these authors, namely, that the 
tissue is capable ot effecting a change in the test material resulting in the production of an 
inhibitory substance, would seem to be applicable in the present case. 


SUMMARY 


Three polypropylene glycols of mean molecular weights of 425, 1025, and 2025, 
respectively, have been studied. These exhibited considerable acute toxicity by the 
oral, intravenous, and intraperitoneal routes, as compared with propylene glycol 
and the polyethylene glycols. Toxicity was greatest in the case of the compound 
of intermediate molecular weight (1025). Lethal single doses administered to rats 
produced hyperexcitability of the central nervous system, as evidenced by tremors 
or convulsions, with death occurring from respiratory arrest during convulsive 
seizures. 


The toxicity of these compounds by the cutaneous and respiratory routes was 


low. Skin irritation was minimal, and eyes were not injured by the undiluted 
materials. 


The ability of certain members of this series to produce ventricular extrasystoles 
in the anesthetized dog has been confirmed. Data are presented on the extent to 
which these compounds are absorbed from the gastrointestinal tract of the rabbit, 
together with some information on the nature of the urinary excretory product. 
Their behavior toward certain isolated enzyme systems is reported. 


15. Herrmann, R. G., and DuBois, K. P.: The Effect of p-Dimethylaminobenzenediazo 
Sodium Sulfonate (DAS) on the Enzymatic Reactions of Intermediary Carbohydrate Metabol- 
ism, J. Pharmacol. & Exper. Therap. 95:272-284, 1949. 


AIDING THE CARDIAC PATIENT IN INDUSTRY 


EDWARD M. KLINE, M.D. 
NELA PARK, CLEVELAND 


N ANSWER to the challenge “Aiding the Cardiac Patient in Industry,” I shall 
first review certain facts, then explore and recommend ways in which physicians 
in industry can most effectively exert their helpful influence. 

It is estimated that there are in this country about 9,000,000 persons with all 
types of heart disease. How many of these are engaged in industry or otherwise 
gainfully employed is not accurately known. 

Kresky and Goldwater,’ in a study of 2,081 patients attending 10 of the New 
York Heart Association adult cardiac clinics, reported in 1944 that 47 per cent of 
the males of all ages were employed. Of those whose ages were below 35, the per- 
centage rose to 81. From these figures it can be postulated that there are 5,000,000 
persons with heart disease who are performing useful work of some type. 


Take coronary occlusion alone, a type of heart disease often encountered among 
males during their most productive years. Master,? working from samplings of 


the New York State death certificates for 1942, estimated that there were in the 
country as a whole about 800,000 attacks of acute coronary occlusion yearly. In 
the eight years intervening, with improvement of diagnostic techniques, particularly 
the wider application of unipolar and multiple precordial lead electrocardiography, 
it is likely, the figure is even higher, perhaps near the 1,000,000 mark. An assumed 
mortality of 20 per cent would allow 800,000 survivals. If half of the survivors 
return to work, 400,000 or 500,000 persons with coronary disease are being 
added yearly (for the period of their survival) to the labor market. Owing to the 
constant increase of the number of aging persons in the population, the number of 
cardiac patients in industry can be anticipated to increase further, unless a better 
understanding of the basic pathologic physiology can be applied, with more success 
than is now possible, to the prevention of this disease. Although there is promise 
in the effectiveness of such agents as the antibiotics, used in the treatment of sub- 
acute bacterial endocarditis, cortisone and ACTH, used in acute rheumatic fever, 
and the “giant molecules” of the blood phospholipids and their relationship to human 


Dr. Kline is medical consultant to the Lamp Department, General Electric Company, and 
chairman of the Committee for the Cardiac in Business and Industry, Cleveland Heart Society. 

This paper was read at the Annual Meeting of the Industrial Hygiene Foundation of 
America, Pittsburgh, Dec. 15, 1950. It has been published elsewhere in abstract (The Cleve- 
lander 25:9 [Feb.] 1951). 
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atherosclerosis, there appears to be no immediate hope of overtaking this upward 
trend. 

Nor should concern for the cardiac patient stop at the conventional retirement 
age of 65. At present 7.7 per cent of the total population is above 65, and in 
50 years this will have increased to 13.2 per cent. Useful, productive years should 
be put into the lives of this older generation, or the burden of their support may 
become too great for the younger workers to carry. 

During the acute shortage of manpower which prevailed at the time of World 
War II, employers had an opportunity to gain experience in the employment of 
the physically handicapped. This experience as reported by such men as Crain * 
of Eastman Kodak Company, Poole and Bent * of Lockheed Aircraft Corporation, 
Carlisle and Gibson * of Merck & Company, Edmonds and Feil ® of the Erie Rail- 
road Company, and Irvin’ of the Cadillac Motor Division, General Motors Cor- 
poration, was surprisingly good. A study by the Bureau of Labor Statistics of 
the United States Department of Labor * can be cited as typical. Observations 
were made on 1,840 workers with heart disease, who were matched as to age and 
experience with 3,055 unimpaired workers performing jobs of the same type. The 
cardiac worker had a slightly higher rate of absenteeism than the control group, 
but this difference amounted to only 2% days more per year. On the other hand, 
the cardiac group did not display greater proneness to disabling or nondisabling 
injury, and what is more significant, they outproduced the healthy controls by an 
average of 2.4 per cent. 

For some of you who may be concerned about the effect of including a certain 
number of substandard risks in low premium, group insurance plans, Poole and 
Bent * found at Lockheed that the claims of 777 “cardiacs” for lost time payment, 
hospitalization, medical and surgical benefits were fewer on the average than those 
in the plant in general. 

Not only do persons with heart disease work and work well, but they can 
perform a wide variety of jobs. Stroud, some years ago, studied 40,000 workers 
employed at 1,000 different operations in 25 separate industries. From these 
observations he concluded that 25 per cent of all jobs in industry could be per- 
formed by the person with heart disease without compromising either the job or 
the jobholder. 

I have avoided the use of the term “handicapped worker” in referring to the 
cardiac patient. The patient with heart disease can be considered as handicapped, 
just as any one might be, only when he is called on to perform work beyond his 
physical capabilities. The fact that he can match or exceed the production of the 


3. Crain, R. B.: Placement of the Cardiac in Industry, Indust. Med. 12:368, 1943. 
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5. Carlisle, J. M., and Gibson, A.: Clinical, Electrocardiographic and Pathologic Correla- 
tion of Certain Common Cardiac Conditions, and Evaluation of the Cardiac Patient in Industry, 
Indust. Med. 13:783, 1944. 
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7. Irvin, E. A.: Personal communication to the author. 
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obtained from New York Regional Office, 341 Ninth Ave., New York 1. 
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| 


456 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


healthy control must indicate certain compensating mechanisms, possibly an 
increased drive brought about by a recognition of his limited opportunities and a 
determination to take the greatest possible advantage of his present employment. 
However, management will continue to be reluctant until industry is afforded 
adequate protection against the very real and often unjust liability imposed by the 
aggravation clause of most state compensation laws. 

If industrial physicians expect a sympathetic and open-minded attitude on the 
part of management toward the hiring and continued employment of the cardiac 
patients, then they must give certain things in return. They must recognize the 
fact that among their number are some who, even in these days of critical shortage 
of manpower, say “Give me only the healthy worker; let the cardiac patient find 
work where there are no physical examinations.” Yet it is in those very jobs which 
are open without examination that the patient with heart disease is most often sub- 
ject to aggravating work conditions and the hazards of disabling injury. So before 
industrial physicians can go to management with their broad program, there is a 
selling job to be done within their own profession. You who are leaders in the 
field must be counted on to establish in industry programs for the full employment 
of handicapped workers. Only by your own example can you demonstrate to man- 
agement and to others of your profession that the cardiac patient has a useful place 
in industry. You will have reached your goal only when every industry, large or 
small, will accept the heart patient for work within his limitations and under intelli- 
gent medical supervision. 

The diagnosis made at the time of employment and through periodic health 
surveys is the focal point from which advice to the employee and the employer alike 
must originate. Since I am particularly interested in the electrocardiogram, you 
will no doubt forgive what might seem overenthusiasm on my part for including 
the electrocardiograph in the modern industrial dispensary. It is hardly necessary 
to point out to you that a routine health survey is incomplete without an electro- 
cardiogram, including in most cases the Master two-step exercise test. 

From April 1943 to August 1945, while I was engaged as cardiac consultant 
to one of the large Cleveland industries,’° 2,000 electrocardiograms were taken 
during the course of 14,778 physical examinations of three types, namely, pre- 
employment, health survey and post-illness. The electrocardiograms of 209 
persons were distinctly abnormal. There were 6 instances of acute myocardial 
infarction, 14 of old infarction, 16 of bundle branch block, 12 of incomplete heart 
block, 1 of complete heart block, 6 of abnormal rhythms of various types, and 
numerous other less specific changes. This service could readily have been justified 
by the fact that unsuspected acute infarction was diagnosed in two of the workers 
who returned for reemployment after what was thought to have been only a trivial 
illness. 

Only last December a young man of 34 entered my office whom I had seen on 
one occasion in May of 1950. At that first visit he complained of cardiac irregu- 
larity of brief duration, and from his description I thought it probably represented 
extrasystoles. No organic heart disease could be found, and since the condition had 
not recurred, no particular recommendations were made. However, in December, 


10. Kline, E. M., and Hess, J. H.: The Electrocardiograph in Industrial Medical Practice: 
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while he was at work, his heart began to beat violently and irregularly. His com- 
pany was equipped with an electrocardiograph and a record was taken. As there 
was no one at the factory to interpret the electrocardiogram at the moment, it was 
sent to me by messenger. There was auricular fibrillation with a ventricular rate of 
between 170 and 180 per minute. The patient was immediately sent for, and 
quinidine was given, with prompt return of normal sinus rhythm. In this case the 
electrocardiogram removed the guesswork and permitted me to assure the employer 
that although this man might have subsequent attacks, there was no cause for alarm 
and he should be permitted to continue with his regular work. 

Now turn for a moment to the private practitioner of medicine and see what he 
can be expected to do to aid the cardiac patient in industry. Although he may 
understand his patient well, know his home and family, he usually is not acquainted 
with the precise physical demands of the patient’s work. How much better it would 
be if the family physician before recommending definite changes of course to his 
patient after a cardiac illness would first talk with the industrial physician con- 
cerned! The private practitioner can be overcautious and overprotective, occa- 
sionally jeopardizing his patient’s employment by recommending absenteeism, 
which may in some instances be of doubtful value for convalescence. Great caution 
must be exercised not to superimpose on the organic disease a neurosis which may 
prove to be more disabling than the initial illness itself. It takes more courage to 
say a man can work than to say he cannot. 

In order to point out to you the assistance that physicians working together can 
give to the worker who has heart disease, I should like to refer to our experience 
in Cleveland in the past two years. There the Republic Steel Corporation gen- 
erously contributed to the 1949 campaign of the Cleveland Heart Society $10,000, 
$5,000 of which was to be used in connection with the problem of the cardiac 
patient in industry. The society had under discussion several community service 
projects. One was a rheumatic heart disease clinic to be established in connection 
with the public school system, and the other appeared to be some activity related 
to heart disease and work, although at the time we did not know where our plans 
would lead us. The gift from the Republic Steel Corporation was received most 
enthusiastically and put our committee," as it were, in business. We soon learned 
that although we had in Cleveland eminent services for the vocational counseling, 
rehabilitation and industrial placement of the cardiac patient, these services were for 
the most part unpublicized and therefore unused by physicians. The number of 
cases processed by these institutions was estimated to represent only 4 per cent of 
the total case load. This poor showing is characteristic of rehabilitation, which in 
the end means job placement, on a national level. During the fiscal year ending 
June 30, 1949, there were rehabilitated through the Office of Vocational Rehabili- 
tation of the Federal Security Agency 58,020 persons, with a potential annual 
income of $86,000,000. Of this number, 25,578 (41.1 per cent) were orthopedic 


11. The present membership of this committee is as follows: John J. Elwood, safety engi- 
neer, Thompson Products Company; A. C. Ernstene, M.D.; Harold F. Feil, M.D.; William C. 
Hartman, attorney, Squire, Sanders & Dempsey; Donald A. Kelly, M.D.; Edward M. Kline, 
M.D., General Electric Company, chairman of committee; Edgar Weil, president, Vitreous 
Steel Products Company. 

12. Vocational Rehabilitation for Civilians, Revised June 1949, Federal Security Agency. 
Copy may be obtained from Office of Vocational Rehabilitation, Washington 25, D. C. 
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patients, while only 2,284 (3.9 per cent) had cardiac disease.‘* Gainful employ- 
ment of even this small group of cardiac patients would yield annual wages of about 
$3,500,000. 

It was apparent that in Cleveland we needed to make better use of the existing 
facilities by acquainting the physicians of the area through local medical meetings 
and publications. Furthermore, we had learned in visiting executives and industrial 
physicians that there was a local need for a clinic where persons with heart 
disease could be sent for diagnosis, analysis of physical capacities, analysis of the 
demands of the specific job in question, and finally a matching of the physical 
capacity and job demand through selective job placement. Advice and assistance 
was generously given us by such men as Drs. John W. Ferree, Raymond Hussey 
and Leo Price, just to mention a few. The experience of Dr. Leonard J. Goldwater 
of New York and his group at the Bellevue Hospital was particularly helpful. His 
clinic served as a model. 

At this point a proposal setting forth our tentative plans for this clinic was 
submitted to the Cleveland Academy of Medicine for consideration. Approval came 
at once and we immediately began looking about for a suitable location. After con- 
sidering one of the large hospitals, a city health center and the Cleveland Rehabilita- 
tion Center, the latter was selected as being the most suitable. In this building there 
was a made-to-order sheltered workshop where the work capacity of the patient 
with heart disease could be progressively increased, under the supervision of the 
medical staff. Our selection has proved to be a wise one. 

A competent cardiologist,’* certified as a specialist by the American Board of 
Internal Medicine, was engaged to carry out the physicial examinations and to 
serve as director of the activity. Later, as the case load increased, other physicians 
have been added on a rotation basis, each serving for a three month period. In 
addition to the professional personnel, the staff includes a medical social worker, 
a vocational counselor, a nurse and a secretary. 

We are now operating one day a week for new patients, with a follow-up night 
clinic every two or three weeks. For follow-up purposes the night hours have the 
advantage that they interfere least with the individual’s working schedule and at 
the same time give us an opportunity to see our patient at the end of a day’s work. 
Four new patients are processed at each clinic session. All referrals must be from 
a physician in writing, and no one is accepted without this letter. Patients are care- 
fully screened, and only those with a specific work problem are accepted for 
examination. 

At the clinic the patient is met on arrival by the medical social worker, who 
explores his background, giving particular attention to emotional factors which may 
be reflected in his reaction to his job. His work experience is studied by the voca- 
tional counselor. Known or unexplored skills which might be of benefit to us in 
our final recommendation are carefully noted. At the completion of these inter- 
views, the medical history is taken in a thorough manner, and a physical examina- 
tion is carried out. The routine laboratory work includes a urinalysis, serologic 
tests, a blood count, cardiac fluoroscopy, an electrocardiographic study of the 
patient at rest and, when indicated, after exercise. 


13. Rehabilitants in Fiscal 1949, Administrative Service Series No. 57, Federal Security 
Agency. Copy may be obtained from Office of Vocational Rehabilitation, Washington 25, D. C. 
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The last hour of each period is devoted to a round table discussion in which 
reports are heard from the members of the staff. Sitting in on these conferences 
is a member of our committee who acts as senior consultant. 

The medical aspects of the case are reviewed, and the patient is classified 
according to the standards of the American Heart Association. The job is then 
reviewed not only from the point of view of its physical demands but also out of 
consideration for the safety of the worker, his fellow employees and the general 
public. The final recommendation, transmitted through the referring physician, 
might consist simply of confirmation that the individual can undertake the position 
planned for him or that he can continue with his present work ; vocational testing 
and retraining might be in order, or observation in the sheltered workshop. Occa- 
sionally the disease is so far advanced that we can recommend only diversional 
occupational therapy. This can begin in the hospital or the home, starting rehabilita- 
tion literally at the patient’s bedside. 

No charge for this service is made either to the patient or to the referring 
agency. Our operating funds are from those allocated by the Cleveland Heart 
Society for local use and raised by public subscription during the annual campaign. 
Although we have tried at all times to be as economical as possible, the cost for 
each new patient processed is approximately $25, and this does not include rent or 
payment for the services of the nurse or the vocational counselor. 

Although the undertaking is just beginning, it appears to be meeting with con- 
siderable success. Our backlog is increasing and, more important, the list of 
industries using our services is constantly expanding. Parts of two letters are 
included by way of illustration. 

An executive of one company writing to an executive of another states: 

We have recently had occasion to use the Clinic for the evaluation of one of our 
employees, and because I was so impressed by the completeness and lucidity of the report, I 


thought you might be interested in passing it on to the proper persons in your company so that 
they might be aware of this very fine service. 


A medical director wrote to the general manager of his company : 


The Company, in my opinion, owes a senior employee the chance for continued 
employment. The doctor owes the patient the correct selection of job which will not aggravate 
his disease. We are endeavoring to find a way to meet both obligations. The new service 
offered by the Cleveland Heart Society will be used by our company as an arbitrating body 
in disputes between the union and the medical department if the need arises. If we accept the 
responsibility of continuing to employ known cardiacs, we must have jobs set aside which will 
be suitable for the handicapped worker. We have 250 known cardiacs at our company and I 
propose that 25 jobs be set aside at all times for persons needing special placement. 

There is no fixed retirement policy at our plant and the burden falls almost completely upon 
the doctor to determine when that retirement arises. Because we must perform this odious and 
thankless job alone, I feel that the proposed plan to use the Work Classification Clinic of the 
Cleveland Heart Society be seriously considered as an aid to fair play and the best interests 
of the worker. 


His proposals to the factory manager and the union were accepted. 

I regret that time does not permit detailed recitation of case histories, but I 
am sure you can all imagine the thrill of seeing at our follow-up clinics a worker 
secure in his job, with a handicap to be sure, but happy to be keeping pace in a 
competitive society. We have no doubt made errors and we shall perhaps make 
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more, but we are constantly learning from our experience as we go along. It should 
be emphasized that we are not in the private practice of medicine, and it is under- 
stood by both the patient and the referring physician that at no time will treatment 
be recommended. 

To summarize, then, management will be sympathetic to the cardiac patient 
when given further education regarding his work abilities. The industrial physician 
must protect his company against unreasonable risk but at the same time, without 
jeopardy to the person with heart disease or to his employer, accept and retain 
persons with limited capacity where this capacity fits specific job demands. The 
practicing physician should establish a better liaison with the industrial physician. 

Our experiences in Cleveland with the Work Classification Clinic lead me to 
believe that similar facilities established in other industrial areas, and perhaps on a 
fee for service basis, can be of tremendous benefit to worker and management alike! 


Lamp Department, General Electric Company, Nela Park, Cleveland 2. 
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HIS INVESTIGATION was made during the recent war in order to deter- 
mine air flow characteristics of human subjects. Such information is of value in 
the design of protective respiratory equipment such as gas masks, dust masks and 
oxygen supply equipment for aviators. It was desired to have these data for 
several sedentary subjects and for subjects working at several work rates. The 
effect of inspiratory and expiratory resistance comparable to gas and oxygen masks 


on the shape of the air flow curve is also essential information for equipment design 
or ratings. The development of inspiratory and expiratory air flow curves under 
these conditions makes it possible to design cams for pumps which can simulate 
various breathing conditions. 


HISTORICAL REVIEW 


Expiratory Measurements—The only data on air flow measurements during 
expiration are those reported by Bretschger.' Other investigators * have described 
- methods but present very little information. Most of these measurements were 


This article is based on work performed for the Office of Scientific Research and Develop- 
ment under contract OEMsr 306. 

From the Departments of Industrial Hygiene and Physiology, Harvard School of Public 
Health, Boston, and the Nutrition Laboratory of the Carnegie Institution of Washington, D. C. 

1, Bretschger, H. J.: Die Geschwindigkeitskurve der menschlichen Atemluft (Pneumotacho- 
gram). (The Curve of Velocity of Human Respiratory Air [Pneumotachogram]), Arch. ges. 
Physiol. 210:134-148, 1925. 

2. Hadorn, W.: Ein neues Pneumometer zur Bestimmung des Exspirationsstosses (maxi- 
male Ausatmungsstromstarke) (New Pneumometer for Determination of Forced Expiration; 
Maximum Strength of Expiratory Flow), Schweiz. med. Wchnschr. 72:946-950, 1942. Hamada, 
T.: Pneumotachographische Studien: Uber den Einfluss der kérperlichen Anstrengung auf 
das Pneumotachogram (Pneumotachographical Studies: Effects of Exercise on Pneumotacho- 
gram), Acta scholae med. Univ. imp. Kioto 16:58-64, 1933. Steup, A.: Eine Anordnung zur 
Messung des Spitzenwertes der Stromgeschwindigkeit der Ausatmungsluft (Apparatus for 
Measuring Maximum Value of Flow Velocity of Expired Air), Ztschr. ges. exper. Med. 
104:576-595, 1938. 
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made either with Fleisch’s * apparatus or Hochrein’s.* A description and a discus- 
sion of both these instruments have been presented in previous reports. None of 
the measurements made by these investigators were obtained during work, since 
their equipment was not flexible enough to permit such measurements. 


Altitude Measurements.—Fleisch * used his apparatus to make measurements on 
a few subjects at various altitudes but presented few data. Hall and Wilson * 
published data on maximum and mean air flow measurements during inspiration at 
various altitudes. Pappenheimer and Lilly * described an instrument for measuring 
inspiratory and expiratory air flow at altitude but showed only a few typical curves. 
A brief description of their apparatus was given in a recent report. Other service 
investigators * have developed apparatus for inspiratory air flow measurements at 
altitude, but no data concerning their subjects are presented. 


Previous Work in This Laboratory.—Our first investigation ® led to publication 
of inspiratory data on several sedentary and working subjects at various work rates 
without and with resistance to breathing. Inspiratory and expiratory measurements 
at 830 kilogram-meters (Kg.-M.) (6,000 foot-pounds [f.-p.]} per minute and 1,107 
Kg.-M. (8,000 f.-p.) per minute with minimal inspiratory and expiratory resistance 
and with resistance conditions equivalent to those of service gas masks were obtained 
in this laboratory by Silverman and co-workers.’° Measurements at 830 Kg.-M. 
and 415 Kg.-M. over a wide range of resistance conditions were presented in a 
report on allowable resistance to breathing.‘ The present article presents both 


3. Fleisch, A.: Der Pneumotachograph: Ein Apparat zur Geschwindigkeitsregistrierung 
der Atemluft (The Pneumotachograph: An Apparatus for Registration of Velocity of Respira- 
tion), Arch. ges. Physiol. 209:713-722, 1925. 

4. Hochrein, M.: Ueber Pneumotachographie (Concerning Pneumotachography), Arch. 
ges. Physiol. 219:753-760, 1928. 

5. Fleisch, A.: Die Atmungsmechanik bei vermindertem Luftdruck (The Mechanics of 
Respiration with Reduced Air Pressure), Arch. ges. Physiol. 214:595-611, 1926. 

6. Hall, F. G., and J. W. Wilson: Effects of Physical Activity and of Simulated Altitudes 
on Pulmonary Ventilation, Maximal Inspiratory (Peak) Flow and Pressure in Relation to 
Oxygen Requirements, J. Aviation Med. 15: 160-166, 1944. 

7. Pappenheimer, J. R., and J. C. Lilly: Measurements of Inspiratory and Expiratory Air 
Velocities at Altitude, Report 208, Committee on Aviation Medicine, National Research 
Council, November 1943. (Open.) 

8. Hull, W. E.: Optical Flow Meter, Report 275, Committee on Aviation Medicine, 
National Research Council, January 1944. (Open.) Weatherby, J. H., and A. S. Burt: Peak 
Rates of Oxygen Flow from Oxygen Supply Systems: Description of a Low Inertia Flowmeter, 
Project X-324 (Av-185-f), Naval School of Aviation Medicine, Pensacola, December 1944. 
Watts, D. T., and F. W. Cherry: Recording Instrument to Measure Flow and Flow Resistance 
of Air-Oxygen Mixtures—Development and Test of (Laboratory Model), Project TED NAM- 
25468, Navy Department, Bureau of Aeronautics, December 1944. 

9. Silverman, L.; Lee, R. C.; Lee, G.; Drinker, K. R., and Carpenter, T. M.: Fundamental 
Factors in the Design of Protective Respiratory Equipment: Inspiratory Air Flow Measure- 
ments on Human Subjects With and Without Resistance, Report 1222, Office of Scientific 
Research and Development, United States War Research Agency, January 1943. Lee, R. C., 
and Silverman, L.: An Apparatus for Measuring Air Flow During Inspiration, Rev. Scient. 
Instruments 14:174, 1943. 

10. Silverman, L. and co-workers: Unpublished data, 1944. 

11. Silverman, L.; Lee, G.; Yancey, A. R.; Amory, L.; Barney, L. J., and Lee, R. C.: 
Fundamental Factors in the Design of Protective Respiratory Equipment: A Study and an 
Evaluation of Inspiratory and Expiratory Resistances for Protective Respiratory Equipment, 
Report no. 5339, Office of Scientific Research and Development, United States War Research 
Agency, May 1945. 
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inspiratory and expiratory measurements without and with resistance over a wider 
range of work rates. Respiratory exchange data were also obtained, since this 
information will be of value in assessing oxygen requirements at various work rates. 


EXPERIMENTAL MATERIAL AND METHOD 


Measuring Apparatus —The measuring apparatus used for obtaining the data in this report 
consisted of an inspiratory and an expiratory flow-measuring instrument, a photographic 
recorder, the face piece of the United States Army chemical warfare service mask, a pair of low 
resistance (S-L) valves,12 known inspiratory and expiratory resistances, and a well counter- 
balanced gasometer with minimal resistance. A schematic diagram of the complete measuring 
apparatus and a complete description of each component of the apparatus are given in a recent 
report.11 The bicycle ergometer described in that report was used to measure work rates. 


1—Physical Characteristics of Subjects 


Oceupational Record Weight 


Subject Occupation Athletics Age, Yr. 


Student Track 
Student Track 
Student Track 
Student Track 
Student Track 
Student Crew 
Student 

Student 

Student 

Student 

Student 

Student 

Student 

Med. student 

Student 

Med. student 

Research investigator 
Graduate student 


oon o 


5 
6 
5 
6 
6 
6 
5 


* Corrected to 37 C., saturated air, and observed pressure. 


Expired air was collected in the gasometer, and samples were removed and then analyzed by a 
Haldane gas analyzer. 

Subjects —The subjects used in these experiments were healthy males ranging in age from 
16 to 44. To complete the series, data obtained at 415 Kg.-M. (3,000 f.-p.) per minute, 830 
Kg.-M. (6,000 f.-p.) per minute and 1,107 Kg.-M. (8,000 f.-p.) per minute which were obtained 
in this laboratory 1° and from a subsequent report?! are included. The subjects listed in 
table 1 were subjects who performed the complete work series of this project and who were 
not listed in the reports just mentioned. 

Procedure—This project consisted of a series of experiments ranging from a relaxed 
sedentary position to work on a Krogh bicycle ergometer at 1,660 Kg.-M. An experiment was 
conducted with the subject seated on the bicycle and with the subject riding at 0, 208, 415, 622, 
830, 1,107 1,384, and 1,660 Kg.-M. Each subject performed the series with minimal resistance 
(air flow-measuring apparatus only) and with 64 mm. inspiratory and 41 mm. expiratory resis- 
tance. An additional experiment at 415 Kg.-M. was included with 64 mm. inspiratory and 27 mm. 
expiratory resistance. The number of subjects performing each experiment varied. Twelve sub- 
jects completed the majority of the experiments, and data obtained in previous studies 1* were 


12. Silverman, L., and Lee, R. C.: A Low Resistance Valve and Indicating Flowmeter for 
Respiratory Measurements, Science 103:537, 1946. 
13. Silverman, footnotes 10 and 11. 


Height Vital 
| Capacity, 
Dz. 17 59.9 132 170 7 5.0 
8. 17 74.9 165 180 ll 5.3 
Cc. 18 61.3 135 178 10 5.8 
8. 18 69.0 152 178 10 5.0 
N. 18 70.4 155 191 5.9 
¥, 18 $4.5 186 185 5.7 
PF. 18 88.2 194 197 76 
P. 18 88.6 195 193 6.8 
H. 19 78.2 172 185 7.7 
B. 19 $1.7 180 198 5.9 
MeA. 19 85.4 TSS 188 6.1 
M. 20 68.0 190 178 | 5.7 
8. 20 78.1 172 183 6.1 
N. 20 80.7 178 180 i 54 
R. 22 79.0 174 185 6.3 
F. 23 80.0 176 188 ae 7.2 1 
28 88.8 195 183 a 6.1 
¥. 30 54.9 121 173 8 4.6 
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also used for comparison with the work at 415, 830 and 1,107 Kg.-M. In addition, a group of 
20 athletes, crew men and trackmen, performed at 1,107 Kg.-M. with minimal resistance, 
and the data on them are compared with data on the whole group and also with data on non- 
athletes in the same age group. Records on these athletes while sedentary were also obtained. 
Data on several subjects who were unable to maintain the work rate at the heavier loads and on 
those who did not reach a steady state are not presented. 

Photographic records of inspiration and expiration, minute volumes and gas samples were 
obtained simultaneously at certain specified times during each experiment. The methods of 
obtaining, analyzing and computing these data have been described in previous reports.14 The 
respiratory work rate at minimal resistance is a negligible percentage of either the total work 
or the respiratory work with resistance and of no significance; hence these data were not 
computed. 

The data on sedentary subjects were obtained after the subjects had been sitting on the bicycle 
for five minutes. Then the subjects commenced riding at 0 Kg.-M. After they reached a steady 
state, records, minute volumes, gas samples and pulse counts were obtained at 6, 8 and 10 minutes 
from the start of work. After the last gas sample had been collected, the load on the ergometer 
was changed to 208 Kg.-M. (1,500 f.-p.) while the subject continued riding, and the data were 
obtained at 6, 8 and 10 minutes from the change in load. After a five minute rest off the bicycle, 
the subject rode at 622 Kg.-M. Data were obtained at the regular times, and the subject stopped 
riding after the last gas sample had been taken, usually after 11 or 12 minutes of riding. The 
same procedure was followed for the 830 Kg.-M. experiment. For the experiments at the higher 
work rates data were also obtained at four minutes and sometimes at two minutes in order to 
have data for the subjects who failed to complete the experiment. In computing mean data, 
however, only the 6, 8 and 10 minute figures were used, as before that the subject had not 
reached a steady state. 


RESULTS 


Subjects —The subjects selected for these experiments were all very coopera- 


tive and tried to complete all the work rates of the experiments. A very small 
number were able to complete 10 minutes of work at all rates up to 1,660 Kg.-M. 
(12,000 f.-p.) per minute. All but a few subjects completed 10 minutes at a work 
rate of 1,107 Kg.-M. (8,000 f.-p.) per minute. The work rates above 1,107 Kg.-M. 
were attempted by all subjects who could complete 1,107 Kg.-M. per minute. The 
majority of subjects could not maintain the rate of 60 revolutions per minute and 
their pedaling rate steadily decreased as the experiment progressed. When the rate 
fell below 55 revolutions per minute and it was evident that the subject was unable 
to maintain the work rate, the experiment was stopped. The majority of subjects 
who were able to complete the maximum work rates were also able to maintain fairly 
steady minute volumes and maximum air flows. 

Effect of Work Rate on Respiratory Air Flows—In table 2 air flow measure- 
ments and respiratory exchange data for several subjects are given under all the 
work conditions studied with minimal resistance to breathing (inspiratory resist- 
ance 6 mm. of water at 85 1. per minute, expiratory resistance 3 mm.), and the 
standard deviations are presented in table 3. The sedentary values are about 20 
per cent higher than those reported in O.S.R.D. Report no. 1222.° This increase 
is due to the sedentary position of the subjects. In the earlier investigation the sub- 
jects sat relaxed in a chair before and during measurements, whereas in this work 
the subject sat on the small bicycle saddle in a crouched position similar to that 
used while riding. The latter position requires some static work on the part of the 


subject, which tends to raise the sedentary values above those measured in the 
chair. 


14. Silverman and co-workers, footnotes 9 and 10. 
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TasLe 2.—Mean Air Flow Measurements and Gas Analyses (Resistance: 6 Mm. Inspiratory, 
3 Mm. Expiratory) 


0 208 415 2 830 Ke = 1 oa 
Kg.-M. Kg.-M. Kg.-M. Kg.-M. K 


per per per — 
Work rate . Min. 


Subjects in mean 
Pulse rate per minute 
Respiration rate per minute 
Minute volume, | 
Maximum inspiratory flow, 1. per minute.... 
Maximum expiratory flow, 1. per minute 
Maximum inspiratory flow 
Minute volume 
Maximum expiratory flow 
Minute volume 
Maximum inspiratory flow 
Maximum expiratory flow 
Inspiratory cycle 
~~ Total eycle 
Expiratory y cycle 
Total cycle 
Rise 
Inspiratory cycle’ 
Sustained flow 58.7 59 5.3 604 
Inspiratory cycle’ 
Maximum flow occurrence 27. 87.5 7. 46.8 
Fxpiratory cycle 
8 03 216 22. 3. 9. 1 218 
Expiratory cye le’ 
Sustained flow 9.3 51.0 52.3 53.1 57. 59. 61.3 
Expiratory cycle 
Oxygen deficit, 9 3.5 3.88 4.30 441 4.63 4.31 4.12 3.39 3.44 
Oxygen consumption, ml. per minute........ 306 5 800 1,176 1,545 2,075 2,728 3,114 3,418 
Carbon dioxide production, ml. per minute. 261 25 69 1,068 1,432 2,017 2,723 3,899 3,598 
Respiratory quotient 85 86 087 O91 0.93 097 100 1.09 1.06 


* Values from 11 subjeets are included in mean values for gas analyses. 


Taste 3.—Standard Deviations for Mean Air Flow Measurements and Gas Analyses 
(Resistance: 6 Mm. Inspiratory, 3 Mm. Expiratory) 


208 415 622 
Kg.-M. Kge-M. Kg.-M. Kg. 
per 
Work rate 
Subjects 
Pulse rate per minute 
Respiration rate per minute 
Minute volume, 
Maximum inspiratory flow, 1. per minute.... 
Maximum expiratory flow, 1. per minute..... 
Maximum inspiratory flow 
volume 
Maximum expiratory flow 
Minute volume 
Maximum inspiratory flow 
Maximum expiratory flow 
Oxygen deficit, % 
Oxygen consumption, ml. per minute......... 69 
Carbon dioxide production, ml. per minute... | 53 60 
Respiratory quotient .06 0.08 0.08 0.03 


* Values from 11 ‘ahdoatin't are included in standard deviations computed for gas analyses. 


& 


to io 


0.44 


1,660 
. Kg.-M. 
per per 
Min. Min. 
1,107 
Kg.-M. 
per 
Min. 
12 
6.7 
13.7 
32 
39 
0? 
04 
0.1 
0.68 
238 
326 
0.06 
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The data of table 2 are plotted in chart 1 for several values. The oxygen con- 
sumption increases almost linearly from 0 to 622 Kg.-M. per minute. Above this 
work rate the consumption increases much more rapidly. The maximum mean oxy- 
gen consumption attained is 3,500 ml. per minute. Bock, Vancaulaert, Dill, Folling 
and Hurxthal ** stated that untrained subjects on a bicycle ergometer cannot main- 
tain steady state when the oxygen consumption exceeds 2,000 ml. per minute. From 
our data (table 2) it appears that a value of 2,000 ml. can apply only to subjects in 
poor condition, for the majority of our subjects were able to complete 1,107 Kg.-M. 
with a mean consumption of 2,723 ml. per minute. The amount of training these 
subjects had was very slight in most cases and consisted of riding at 830 Kg.-M. per 
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£0 RESPIRATION RATE 
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° 


L 
NO. OF SUBJECTS 29 14 
SEDENTARY 622 
WORK RATE IN KG.-M. PER MINUTE 
MINIMAL RESISTANCE 


Chart 1.—Effect of increasing bicycle ergometer work rate on respiration rate, maximum air 
flows, minute volume, pulse rate and oxygen consumption. Minimal resistance. 


minute for 15 minutes on two days before the data in table 2 were obtained. Most 
of the subjects listed in table 2 who rode at 830 and 1,107 Kg.-M. were in excellent 
physical condition, and this undoubtedly accounts for their ability to perform work 
requiring a higher steady state oxygen consumption. Since few subjects were able 
to perform rates above 1,107 Kg.-M., the oxygen consumption tends to level off at 
the highest work rates (chart 1). The subjects who were able to complete the highest 
work rates had in general better performance (minute volume, respiration rate and 


15. Bock, A. V.; Vancaulaert, C.; Dill, D. B.; Félling, A., and Hurxthal, L. M.: Studies 
in Muscular Activity: IV. The “Steady State” and the Respiratory Quotient During Work, 
J. Physiol. 66: 162-174, 1928. 
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gas exchange) at 1,107 Kg.-M. per minute than the rest of the subjects. The air flows 
and minute volumes plotted in chart 1 increase exponentially up to 1,384 Kg.-M. 
and then tend to decrease sharply in slope. The respiration rate, however, increases 
steadily up to the highest work rate. The pulse rate also increases steadily but 
appears to have a large shift between 622 and 830 Kg.-M. per minute. This shift may 
be caused by the larger number of subjects at 830 Kg.-M. per minute. 


TaBLe 4.—Mean Air Flow Measurements and Gas Analyses (Resistance: 64 Mm 


. Inspiratory, 
41 Mm. Expiratory) 


28 
. Kg.-M. 
per per 
Work rate Min. Min. Min. 


Subjects in mean 12 2 4 3 2 22 
Pulse rate per minute f 91 118 f 169 
Respiration rate per minute... vive J 17.5 22.0 4 . 27. 32.5 
Minute volume, 1 13.2 . 28.2 J . t 64.4 
Maximum inspiratory flow, 1. per 
minute 44 79 


Maximum expiratory flow, 1. per 
minute 


Maximum inspiratory y flow 34 28 
Minute volume + 
Maximum expiratory flow 2.8 
Minute volume 2 
Maximum inspiratory flow 
Maximum expiratory flow 
Inspiratory cycle % 
Totaleycle 
Expiratory cycle 
Total cycle 
Rise % 
Inspiratory cycle’ 
Sustained flow 
Inspiratory cycle 
Maximum flow occurrence % 275 
27. 
4%. 5. 1 2%. 7 194 18.7 
Expiratory cycle 
__Sustained 2. 2 4 621 65.8 
Expiratory cycle 
Inspiratory work rate, Kg. 12.7 19.3 
Expiratory work rate, Kg 95 165 
Total respiratory work rate, Kg 11.1 18.0 
Oxygen deficit, % 4.54 4.14 
Oxygen consumption, ml. per minute. 304 2,591 3,083 3,245 
Carbon dioxide production, ml. per 
minute 59 709 1,052 1,089 1,482 1,976 2,621 3,231 3,450 
5 085 O87 O89 Of O92 O96 101 1.07 1.07 


37 85 


1.2 


43.6 


* Resistance was 64 mm. inspiratory and 27 mm. expiratory. 
+ One less subject is included in mean. 


Effect of Resistance on Respiratory Air Flows.—The effect of resistance in this 
study is shown by the data in table 4. The standard deviations for these data are 
presented in table 5. The data of table 4 show the effect of a combined resistance of 
64 mm. of water at 85 1. per minute during inspiration and 41 mm. of water during 
expiration. This resistance approximates that of gas masks and other breathing 
apparatus. The effects of inspiratory and expiratory resistance when they occur 
separately are described in a recent O.S.R.D. report." 

The data of table 4 are plotted in chart 2. In shape all the curves are quite 
similar to those of chart 1. The values are reduced in several cases because of the 


415 622 830 1,107 1,384 1,660 
Kg.-M. Kg.-M. Kg.-M. Kg.-M. Kg.-M. Kg.-M. 
per per per per per per 
Min. Min. Min. Min. Min. Min. 
6 3 
176 184 
34.2 42.0 
81.3 90.3 
192 240 
105 144 195 252 274 
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presence of resistance to respiration. Oxygen consumption is reduced significantly 
above 830 Kg.-M. per minute. Thus, at 1,107 Kg.-M. the oxygen consumption is 
132 ml. per minute greater with minimal than with added resistance; at 1,384 
Kg.-M. it is 81 ml. greater, and at 1,660 Kg.-M. it is 168 ml. greater. These dif- 
ferences are based on means of a small group of subjects, and therefore the data 
can be considered only as indicative of the trend. A reduced oxygen consumption 
with higher resistance and work rates indicates that an oxygen debt may be 
accumulating. The decrease in minute volume is apparently only partially com- 
pensated by the increase in oxygen deficit. At the highest work rates there is a 
difference of almost 0.5 in the oxygen deficit percentages, or approximately 12 per 
cent of the deficit. The fact that the respiratory quotients are greater than 1.00 
indicates a condition which cannot be maintained for long periods. 


Tasie 5.—Standard Deviations for Mean Air Flow Measurements and Gas Analyses 
(Resistance: 64 Mm. Inspiratory, 41 Mm. Expiratory) 


0 208 415* 415 622 
Ke.-M. Kg.-M. Ke¢.-M. Kg.-M. Ke.-M. Ke. 


Work rate 


Subjects 

Pulse rate per minute 

Respiration rate per minute 

Minute volume, 1 

Maximum inspiratory flow, 1. per minute.. 
Maximum expiratory flow, 1. per minute 
Maximum inspiratory flow 


Minute volume 


Minute volume 
Maximum inspiratory flow 
Maximum expiratory flow 
Oxygen deficit, . 0.51 0.43 
105 151 
71 7 14 198 
Respiratory quotient 0.038 (0.08 (0.040.004 


* Resistance was 64 mm. during inspiration and 27 mm. during expiration. 
+ One less subject is included in the deviation. 


The effect of resistance on maximum air flow and minute volume is similar to 
that described in a previous report.*! The combined resistance reduces the minute 
volume almost 20 per cent at the two highest work rates. The maximum flows at 
these work rates are also reduced approximately the same percentage. 

It appears from chart 3 that the resistance present does not appreciably affect 
the tidal volume at work rates below 1,107 Kg.-M. per minute. It is also evident that 
the ratio of inspiratory to expiratory resistance is such as to maintain practically 
the same ratio of minute volume to respiration rate (tidal volume) up to the maxi- 
mum work rates. Chart 3 also shows that the respiratory quotient is not appreciably 
affected by these amounts of inspiratory and expiratory resistance. Some difference 
exists at work rates above 1,107 Kg.-M. Resistance can interfere with work per- 
formance at the maximum work limit." 

The other changes induced by resistance are similar to those observed in a 
previous investigation. The cycle ratios are increased in proportion to the phase 
of the cycle with the highest resistance, in this case inspiratory. The respiratory 


) 1,107 
Seden- per per per per per per 
| tary Min. Min. Min. Min. Min. Min. Min. 
4 
12 12 12 12 48 22 i 
9 8 17 7 9 23 10 
reer 3.8 3.5 4.5 46 5.0 6.2 738 
15 2.0 3.2 2.8 4.6 7.2 9.5 
6 9 10 10 14 17 21 
7 6 9 12+¢ 10 26 32 
—— 0.3 0.4 0.3 0.3 0.2 0.3 0.2 
Maximumexpiratoryflow 05 O8 O5¢ 03 04 08 08 
0.1 
0.56 
159 
116 
‘ 0.06 
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OF RESPIRATION RATE 
MINUTE VOLUME 
° L 4 
NO OF SUBJECTS 3 2 2 2 2 48 22 
SEDENT! 207 415 622 830 
WORK RATE IN KG.-M. PER MINUTE 
INSPIRATORY 64MM.-—EXPIRATORY 41MM. 


Chart 2.—Effect of increasing work rate on respiration rate, maximum air flows, minute 
volume, respiratory work, pulse rate and oxygen consumption. Resistance: inspiratory 64 mm., 
expiratory 41 mm., of water at 85 1. per minute. 
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Chart 3.—Effect of increasing work rate and resistance on tidal volume and respiratory quotient. 
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work rates are similar to those observed for condition D at 830 Kg.-M. in a recent 
investigation.** The respiratory work rate tends to increase exponentially and the 
resistance variation is nearly linear with increasing air flow; hence the respiratory 
work rate curve tends to parallel the maximum flow curves. 

Effect of Training on Respiratory Air Flows.—In a recent report ** we have 
compared the performance of track athletes with that of nonathletic subjects at a 
bicycle ergometer work rate of 830 Kg.-M. per minute. For this report a similar 


TABLE 6.—Mean Air Flow Measurements and Gas Analyses and Standard Deviations 
(Comparison of Athletes and Nonathletes at 1,107 Kg.-M. with Minimal Resistance) 


Nonathletes 


Mean, 8. D., Mean, 
Measurement .D. 1st Group 1st Group 2d Group 
Age range, yr 17-22 17-37 
Subjects 14 26 
Pulse rate per minute 167 9 169 
Respiration rate per minute r A 36.0 76 36.5 
Maximum inspiratory flow, 1. per minute 196 205 
Maximum expiratory flow, 1. per minute 217 229 
Maximum inspiratory flow 2.7 26 
Minute volume 
Maximum expiratory flow 
Minute volume 
Maximum inspiratory flow 
Maximum expiratory flow 
Inspiratory cycle 
~~ eyele 
Total eycle 


3.0 5 2.9 


0.9 0.9 


48.7 49.6 


See J eve 144 
Inspiratory cycle 


Inspiratory cycle 
Maximum n flow Occurrence ¢ 
Expiratory cycle 

»% 
Expiratory cycle 

Sustained flow 

Expiratory cycle’ 
Oxygen deficit, % 
Oxygen consumption, ml. per minute 
Carbon dioxide production, ml. per minute 
Respiratory quotient 


group of subjects performed at the higher work rate of 1,107 Kg.-M. (8,000 f.-p.) 
per minute. There were 20 athletes in this group, 13 track men and 7 crew men. 
More than half of the track men were short distance runners. This was the first 
time that the 14 athletes listed in table 1 had ridden the bicycle ergometer, but six 
others, all track men, had previously ridden at 830 Kg.-M. per minute."* All the non- 
athletes had previously ridden at 830 Kg.-M. All the athletes and all but six of the 
nonathletes rode at 1,107 Kg.-M. for 15 minutes. The duration of the experiment 
for the other six was 10 minutes. 

Table 6 presents mean values and standard deviations for athletes and non- 
athletes performing 1,107 Kg.-M. per minute of work on the bicycle ergometer. The 
data on the nonathletes are divided into two groups. One represents all the non- 
athletes measured (last column, table 6), and the other represents those in the same 


Athletes 

| | 
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age range as the athletes (third column). The nonathletic group shows better 
performance when the older subjects are eliminated. In table 6 it can be seen that 
the minute volume, maximum air flows, oxygen consumption and respiratory 


INSPIRATION 


wice 
DEV. 


2 i6 


sTwice 
DEV. 


EXPIRATION 


AIR FLOW, LPM 


i 


SEDENTARY 
MINIMAL RESISTANCE 


T T T T 


INSPIRATION 


EXPIRATION 


1 i 


SEDENTARY 
INSPIRATORY 64MM — EXPIRATORY 41MM. 


Chart 4—Mean air flow curves and curves of mean plus twice the standard deviation for 
sedentary subjects breathing through minimal (6-3 mm.) and 64-41 mm. resistance. The upper 
curve is based on the mean of 29 subjects; the lower curve is based on the mean of 13 subjects. 
P represents the pause between expiration and succeeding inspiration. 
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Chart 5—Mean air flow curves and curves of mean plus twice the standard deviation for 12 
subjects working on a bicycle ergometer at 0 Kg.-M. per minute. P represents the pause between 
expiration and succeeding inspiration. 


quotient are all lower for the lower age group. The oxygen deficit is higher, also 
indicating better performance for this group. 
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Chart 6.—Mean air flow curves and curves of mean plus twice the standard deviation for 12 
subjects working at 208 Kg.-M. per minute. 
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Chart 7.—Mean air flow curves and curves of mean plus twice the standard deviation for 
subjects working at 415 Kg.-M. per minute. The upper curve is based on the mean of 14 subjects ; 
the lower curve, on the mean of 12 subjects. 
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A comparison of the means of the athletes and the nonathletes is given in table 
6, columns 1 and 3. The age range is almost the same for these two groups, the 
ages of the athletes averaging 18.8 and those of the nonathletes 19.3. There is no 
significant difference in the pulse rates of these two groups, but the respiration rate, 
minute volume and maximum flows are about 10 per cent lower for the athletes. 
This reduction corresponds closely to that found for the athletes at 830 Kg.-M. per 
minute in a previous investigation." The gas exchange values for this group of 
athletes show a higher oxygen deficit, which indicates better absorption and corre- 
sponds to the lower minute volume. The oxygen consumption, however, is 120 ml. 
per minute greater for the athletes. This indicates that the athletes expend more 
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Chart 8—Mean air flow curves and curves of mean plus twice the standard deviation for 12 
subjects working at 622 Kg.-M. per minute. 


energy in performing the 1,107 Kg.-M. bicycle ergometer work than nonathletic sub- 
jects. This difference is not consistent with the previous results at 830 Kg.-M.,™ but 
it may be caused in part by the different types of leg work involved in bicycle riding 
as compared with dash running and rowing. Such a difference would not be evi- 
dent at the lower work rate of 830 Kg.-M., when the athletes were not exerting 
themselves. In spite of the higher oxygen consumption, these athletes do show a 
lower respiratory quotient, which indicates better work performance. 

Mean Air Flow Curves.—The curves in charts 4 through 12 are those of mean 
inspiratory and expiratory air flows at each work rate with minimal and 64-41 mm. 
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combined resistance. In constructing these curves for each condition, calculations 
were made for mean tidal volume, mean time of inspiration in seconds, rise to 
inspiratory sustained flow, and sustained flow. From these values and the value of 
the mean sustained flow (two thirds of the mean maximum air flow) a trapezoidal 
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Chart 9.—Upper part: Mean air flow curves and curves of mean plus twice the standard 
deviation for 59 subjects working at 830 Kg.-M. per minute and breathing through minimal 
resistance. 


Lower part: Mean air flow curves and curves of mean plus twice the standard deviation 
for 48 subjects working at 830 Kg.-M. per minute and breathing through 64-41 mm. resistance. 


section was drawn. The lower base of this trapezoid represented the mean time of 
inspiration. One of the sides represented the hypotenuse of a right triangle, whose 
base was the mean time of rise to sustained flow and whose altitude represented the 
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Chart 10.—Upper part: Mean air flow curves and curves of mean plus twice the standard 
deviation for 46 subjects working at 1,107 Kg.-M. per minute and breathing through minimal 


resistance. 


Lower part: Mean air flow curves and curves of mean plus twice the standard deviation 
for 22 subjects working at 1,107 Kg.-M. per minute and breathing through 64-41 mm. resistance. 
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mean rate of sustained flow. The upper base of the trapezoid represented the mean 
time of sustained flow, and the remaining side was obtained by connecting the two 
bases. With the upper base of the trapezoid being used as the base, a triangle was 
then-construeted, whose apex represented the mean maximum air flow during 
inspiration. The time of maximum flow occurrence during inspiration was taken 
to be 50 per cent of the time of inspiration so that the apex of the triangle was 
constructed on the perpendicular bisector of the lower base of the trapezoid. The 
areas of the trapezoid and the triangle were calculated, and the sum was subtracted 
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Chart 11—Mean air flow curves for subjects working at 1,384 Kg.-M. per minute. Minimal 
resistance curves are for eight subjects; 64-41 mm. resistance curves, for six subjects. 


from the area equivalent of the tidal volume. With this difference as a guide, the 
smoothest possible curve was drawn through the five known mean points (the four 
corners of the trapezoid and the apex of the triangle). The area under the curve 
was checked by means of a planimeter and adjusted until it equaled the area 
equivalent of the tidal volume. This procedure was followed for the expiratory 
curves with one exception. Instead of assuming 50 per cent as the time of mean 
maximum flow occurrence, this value was calculated for each condition from the 
percentage values in tables 2 and 4. 
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Curves of the mean plus twice the standard deviation were also drawn for all 
the resistance conditions at work rates up to and including 1,107 Kg.-M. per minute 
(broken curves, charts 4 through 10). Since less than 10 subjects performed the 
highest work rates, the standard deviations were not calculated. The data for these 
curves were computed by adding the mean respiration rate, minute volume and 
maximum flow to twice their respective deviations. The other curve proportions 
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Chart 12—Mean air flow curves for subjects working at 1,660 Kg.-M. per minute. Minimal 
resistance curves are for six subjects; 64-41 mm. resistance curves, for three subjects. 


were calculated from their percentage values given in tables 2 and 4 and the 
decreased time for respiration. 

These mean curves with their respective deviation curves indicate the shape of 
respiratory curves and the ranges of air flow encountered in human respiration 
under the experimental conditions studied. As the mean plus twice the standard 
deviation includes 95 per cent of all the values, almost all the subjects have air flows 
within the upper limit of such a curve. This upper limit probably represents the 
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physiological limit of air flow for which protection should be provided. The curves 
should be of aid in the design of canisters, pumps and testing apparatus for use in 
simulating the actual conditions present in these experiments. 


SUMMARY AND CONCLUSIONS 


The measurements in this study were made to obtain data for designing appa- 
ratus to simulate human respiration. A study of the available classified and unclassi- 
fied literature indicated that only a few scattered simultaneous measurements of 
inspiratory and expiratory flow at various work rates have been made. 

Data were obtained on several healthy male subjects. Simultaneous measure- 
ments of instantaneous inspiratory and expiratory air flow and gas exchange were 
obtained on sedentary subjects and on subjects working at 0, 208, 415, 622, 830, 
1,107, 1,384 and 1,660 Kg.-M. per minute (0, 1,500, 3,000, 4,500, 6,000, 8,000, 
10,000 and 12,000 f.-p.). Measurements were obtained with the subjects breathing 
through minimal resistance and with subjects breathing through a combined resist- 
ance, 64 mm. of water inspiratory and 41 mm. of water expiratory, at 85 1. per 
minute. The number of subjects performing the various experiments depended on 
the rate of work. At high rates, above 1,107 Kg.-M. per minute, only a few subjects 
were able to perform the work for 10 minutes. At lower rates the only limitation 
was the number of subjects available for study. 

From this investigation the following conclusions are drawn: 


1. Air flow curves obtained on human subjects at various work rates vary in 
rate and amplitude with the work rate. The inspiratory and expiratory maximum 
air flows and minute volumes increase exponentially with increasing work rate. 


2. Subjects in excellent physical condition can maintain oxygen consumption 
as high as 3,500 ml. per minute for periods as long as 10 minutes when working 


on a bicycle ergometer at a work rate of 1,660 Kg.-M. per minute and breathing 
through minimal resistance. 


3. At work rates above 830 Kg.-M. per minute on the bicycle ergometer an 
inspiratory resistance of 64 mm. of water and an expiratory resistance of 41 mm. of 
water at 85 |. per minute lowers the oxygen consumption considerably as compared 
with the minimal resistance condition. 

4. The data contained in this report may be used in the design of cams for 
pumps and other apparatus used to simulate human breathing for testing protective 
respiratory equipment. 

Liberty Mutual Insurance Company (Mr. Lee). 

Plotkin Brothers (Mr. Plotkin). 


CHRONIC TOXICITY OF THE METHYLPOLYSILOXANE 
“DC ANTIFOAM® A” IN DOGS 
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HE methylpolysiloxane “DC antifoam® A” is an effective agent for suppressing 

the production of foam. For this reason it has found use in the processing of 
certain foods, in the manufacture of drugs and cosmetics and in the prevention and 
treatment of bloat. The concentration ratios employed range from 1 part in 100,000 
to 1 part in 1,000,000. During the preparation of this silicone and during the 
processes involving its use in drugs and food manufacture, this substance comes 
into contact with the industrial worker. The apparent innocuous nature of the 
material may lead to handling procedures, in particular industrial uses, which 
require an evaluation of the chronic oral toxicity of the silicone. This study was 
undertaken to provide such information. 


THE MATERIAL INVESTIGATED 


“DC antifoam*® A” was developed by the Dow Corning Corporation for the pre- 
vention and suppression of foam in aqueous solutions and emulsions. It is chemi- 
cally inert and nonvolatile. It has a greaselike consistency and looks very much 
like white petrolatum and retains this consistency at temperatures up to 200 C. 
It is insoluble in water and the lower alcohols, but it is somewhat soluble in dioxane, 
oleic acid, chlorinated hydrocarbons and other organic solvents. Though tasteless, 
it possesses a slight witch-hazel-like odor. 


The silicone is nonirritating to the skin. When applied to the eye, however, a 
transient conjunctival irritation occurs several hours afterward. Oral toxicity 
studies in rats over a three month period showed that this material induced no toxic - 
effects.. The animals readily accepted their food, although it contained up to 1 
per cent of the silicone. There was no difference in growth rate or histopathological 
changes between the control and the experimental animals. A diet contaminated 


From the Departments of Physiology and Pharmacology, and Pathology, Albany Medical 
College. 

1. Rowe, V. K.; Spencer, H. C., and Bass, S. L.: Toxicological Studies on Certain 
Commercial Silicones and Hydrolyzable Silane Intermediates, J. Indust. Hyg. & Toxicol. 
30:332-352, 1948. 
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with the antifoaming agent to the extent of 0.3 per cent was fed to another group 
of rats for a period of two years. No toxic effects were observed.” 


METHODS EMPLOYED 


The dogs employed in these tests comprised a group of heterogenic “strays”. They were 
dewormed before the start of the feeding experiment. During the first three months each animal 
was given on each of five days of a week its daily dose of “DC antifoam® A” (0.0, 0.3, 1.0 or 3.0 
Gm./Kg.) in about 50 or 60 Gm. of ground horsemeat. During the second three months the 
silicone was given in about 50 Gm. of a palatable commercial dog food.*® It is composed of 
poultry by-products (97 per cent) and egg yolk (3 per cent). After consumption of the 
contaminated horsemeat or dog food, each animal was given approximately 400 Gm. of another 
commercial dog food.2> Two dogs were used for each dose level. 

Blood tests were carried out once a month on peripheral blood drawn from a saphenous vein. 
Sahli’s method was employed for determining the hemoglobin level. 

Analyses of the urine were carried out at similar intervals on 24-hour specimens collected 
from a dog confined in a metabolism cage. The heat test was employed for the detection of 
protein, acetone bodies were tested for by Lange’s method, and Benedict's qualitative reagent 
was employed for sugar. 
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Mean body weights of dogs fed “DC antifoam® A” on each of five days of a week for a total 
period of six months. 


After completion of the feeding experiment a dog was killed by intracardial injection of air. 
The organs and tissues were examined immediately and the weights of the major organs 
determined. Representative sections of practically all tissues were fixed in a Zenker-acetic acid 
solution, stained with hematoxylin and eosin and examined for histopathological changes. 


RESULTS 


The dogs accepted the treated food without hesitation. Following every feed- 
ing, however, a dog chewed and worked its jaw and tongue as if it were trying to 
free its mouth from a sticky material. It was also observed that the stool of a 
silicone-fed dog was moist and loose on many occasions. It was possible, in fact, 


to recover small amounts of the silicone from the stools of the dogs fed the 
highest dose. 


2. Rowe, V. K.; Spencer, H. C., and Bass, S. L.: Toxicological Studies on Certain 
Commercial Silicones: II. Two Year Dietary Feeding of “DC Antifoam A” to Rats, Arch. 
Indust. Hyg. & Occup. Med. 1:539-544 (May) 1950. 

3. (a) This dog food was carno,® made by the Swanson Company, Omaha. (b) This was 
wetted “purina® dog chow kibbled meal,” made by the Ralston Purina Company, St. Louis. 
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The mean body weights of the dogs fed the silicone are shown in chart 1. Since 
these dogs were nearly full grown at the start of the test, no great changes in 
weight were to be expected. The initial drop in body weight in all the dogs was 
related directly to an attack of distemper from which they recovered after six 
weeks, following treatment with canine distemper serum. 

The erythrocyte, leukocyte and differential counts, the concentration of hemo- 
globin and the hematocrit tests showed only slight random fluctuations. The 
qualitative urine tests for sugar, protein and acetone bodies, as well as the micro- 
scopic examination, gave negative results throughout the experiment. 


GROSS CHANGES OF ORGANS AND TISSUES 


Dogs D-725 and D-926 were fed an uncontaminated diet. Dog D-725 suffered 
from a slight hookworm infestation. The lymph nodes of the mesentery and the 
paraaortic region were found to be moderately enlarged, soft and moist. The 
lymphoid aggregates of the small intestine were prominent. Dog D-926 showed 
no gross changes. 

Dogs D-726 and D-727 were fed 0.3 Gm./Kg. of the antifoaming agent. These 
animals presented no gross abnormalities. 

Dogs D-721 and D-728 were fed 1.0 Gm./Kg. of the antifoaming agent. Dog 
D-721 harbored several thin roundworms, presumably immature ascarides, in the 
small intestine. A smear of the fecal content failed to reveal ova. The intestinal 
lymphoid aggregates were prominent. Dog D-728 presented no abnormalities. 

Dogs D-722 and D-927 were fed 3.0 Gm./Kg. of the antifoaming agent. In both 
dogs the mucosa of the whole intestinal tract was covered with a thin layer of 
viscid, gray-white material, which was removed with difficulty. Dog D-722 was 
also heavily infested with roundworms which were believed to be immature 
ascarides. The lymphoid aggregates of the small intestine were enlarged. Dog 
D-927 presented no abnormality other than that mentioned above. 


MICROSCOPIC CHANGES 


The tissues of all the dogs were examined microscopically, but no significant 
changes were found in the following organs: heart, lungs, spleen, pancreas, kidney, 
urinary bladder, striated muscle, gonads, stomach, small and large intestines, 
adrenal and thyroid glands, and bone marrow. Gross examination had revealed 
moderate enlargement of the mesenteric lymph nodes of control dog D-725 and 
dog D-722 fed 3.0 Gm./Kg., but microscopically these nodes were very similar in 
structure to those taken from the other dogs. 

The liver of each of the dogs fed the silicone revealed a deposit of a brownish 
black opaque pigment which was not observed in the control animals. Various 
histochemical tests demonstrated that this pigment was bile. It contained no iron. 
The quantities deposited in the Kupffer and hepatic cells were in direct relation to 
the daily doses of the antifoaming agent. In the hepatic cells the material appeared 
as fine, generally discrete granules. In dogs D-722 and D-927 (fed 3.0 Gm./Kg.), 
the pigment was also found in the interlobular bile ducts. The material appeared 
in the bile canaliculi, between adjacent rows of liver cells, as a dark brown opaque 
pigment which distended and assumed the form of the bile capillaries. 
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CONCLUSIONS 


“DC antifoam® A,” a methylpolysiloxane, ingested in doses of 0.3, 1.0 or 3.0 
Gm. per kilogram of dog five days a week for a period of six months did not produce 
signs or symptoms of toxicity. Mild effects noted were restricted to “chewing” 
after nearly every “antifoam’’ meal, and egestion of a moist or loose stool. 

Specific gross or microscopic pathological changes were not observed with the 
exception of a deposit of bile in the Kupffer and hepatic cells. The significance of 
the latter observation is at present not understood. 


From the results of this investigation it appears reasonable to assume that the 
traces of “DC antifoam® A” which may be absorbed from time to time by human 
subjects should prove to be entirely harmless. “DC antifoam® A” is used as an anti- 
foaming agent in the processing of certain foods, drugs and cosmetics. 
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ACTIVITIES OF STATE AND LOCAL AGENCIES IN INDUSTRIAL HEALTH 


VICTORIA M. TRASKO 
WASHINGTON, D. C. 


RESSURE of added duties has caused many public health administrators to 

remark that, like Alice and the Red Queen, they have to keep running in order 
to remain in the same place. This statement can be applied particularly to the 
industrial hygiene segment of the public health program. Originally, governmental 
industrial hygiene agencies were concerned solely with giving medical and engineer- 
ing services to control and prevent diseases of occupation. Today, industrial 
hygienists have to assume seven-league boots to keep pace with new technological 
advances and other industrial developments that are related to, but may not be 
concerned exclusively with, occupational disease control. This area of responsibility 
is further broadened by the accepted concept that the worker’s health is a total entity. 

How well the governmental industrial hygienists have measured up to this task, 
while at the same time continuing with their routine activities, is presented in this 
report. The information is taken from annual reports of activities of 40 of the 59 
state and local agencies for the 1949 calendar or the 1950 fiscal year. This 
report does not cover all types of activities carried on by these agencies since sum- 
maries, discussing over-all programs and objectives, have been published in the 
past. Present emphasis, therefore, will be on illustrative activities which help to 
make up the 41,000 different field services provided approximately 4 million work- 
ers in a year’s period, and the extent to which the state and local agencies are coping 
with industrial health problems of national scope. 

For a better understanding of the work of the agencies, attention is called to 
their still relatively small, though widespread, organization. At present there are 
59 state and local agencies,? employing a professional personnel of 412 members, 
mainly physicians, nurses, engineers, and chemists. The size of this staff can hardly 
be considered adequate to cope with the health problems of 62 million workers in 
this country. Despite attempts at expansion, however, the number of personnel has 
remained fairly static over the past four years. Further staff increments have not 
been realized, because of several factors. For one thing, large industries, univer- 
sities, and research organizations have made continuous inroads on the trained 
personnel of the governmental industrial hygiene agencies. Economy drives of some 
health departments have further reduced the personnel. At present, demands of the 


From the Division of Industrial Hygiene, Public Health Service, Federal Security Agency. 

1. Trasko, V. M.: The Work of State and Local Industrial Hygiene Agencies, Pub. Health 
Rep. 64:471 (April 15) 1949; In Industry’s Service, Occup. Med. 3:392 (April) 1947. 

2. Since a list which properly identifies these offices is appended, they will be referred to 
in the text chiefly as divisions. 
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Armed Forces are cutting into this nucleus of specialists. To help meet the over-all 
need, formal educational opportunities in industrial hygiene have been expanded, 
largely with the aid of this personnel. Nevertheless, for all groups concerned, the 
gap between supply and demand still constitutes a serious threat to the existence of 
some of the agencies as well as a hindrance to the development of new ones. 


ENVIRONMENTAL CONTROL OF INDUSTRIAL HEALTH HAZARDS 


The environmental control of industrial health hazards accounted for 67 per cent 
of all field services reported by the state and local agencies. These services include 
a wide variety of activities aimed at preventing and controlling specific health 
hazards in industry. They also include the efforts of the agencies in coping with 
health problems of national interest, such as those associated with air pollution 
control and ionizing radiation which affect other groups as well as industrial 
workers. 

Air Pollution Control—Almost without exception, air pollution control activities 
were cited as demanding increased effort and time on the part of agency personnel, 
frequently at the expense of routine work. While air pollution caused by products 
of incomplete combustion is generally under the control of local smoke abatement 
units, nuisance and health aspects of air pollution from industrial operations have 
always been an integral activity of the industrial hygiene agencies. Thus, these 
agencies have been coping with pollution problems both within and outside the plant 
for several decades. As a result, they have gained valuable experience in sampling 
and evaluating emissions from all kinds of industrial operations and, in most 
instances, have even devised and developed their own testing methods and instru- 
ments. Impetus for further effort in this field has been provided by the periodic 
Los Angeles smogs, which have aroused the public to the severe nuisance aspects of 
air pollution, and particularly the Donora (Pa.) episode, which confirmed the acute 
threat and pointed to the possibility of immediate and long range health implications. 

Despite the fact that this new evaluation of the air pollution problem has 
prompted greater activity, air pollution control, with but few exceptions, still com- 
prises a routine activity of the over-all industrial hygiene program. Notable among 
the exceptions is the full scale program functioning in Pennsylvania. Since the early 
part of 1949, when the General Assembly authorized funds for the study of the 
problem, an air pollution division has been established and has been operating within 
the Bureau of Industrial Hygiene of the Pennsylvania Department of Health. The 
division’s staff of six persons cooperates with local air pollution control units on 
technical phases of air pollution problems, and conducts investigations wherever 
necessary throughout the state. 

In Maryland the major activities in this field were the conduct of a survey of 
the sources, kinds, and extent of air pollution in the state, and a pilot study of 
morbidity in relation to air pollution. This study was made in the Cumberland area 
in cooperation with local health department personnel and the Public Health Service. 
It was financed by special funds which had been made available to the Maryland 
Department of Health through an appropriation from the state legislature. 

The New Jersey Bureau on Adult and Industrial Health has acquired factual 
data on the problem of air pollution in its state through systematic surveys and 
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studies for the State Commission on Prevention and Abatement of Air Pollution. 
In both this state and in Maryland the information is to be presented to the respec- 
tive state legislatures in connection with contemplated legislation on air pollution 
control. 

Activity in West Virginia has centered around an experimental study of air 
pollution problems in an area covering 25 sq. mi. (64.75 km.?). Industries in the 
area are financially supporting this project, to which the West Virginia Bureau of 
Industrial Hygiene has assigned full time personnel. 

Air pollution activities are more prevalent on the local level. In addition to 
previously existing smoke abatement units, many large cities, recognizing that 
smoke control is but one aspect of the problem, have established air pollution control 
units. Some of these units are autonomous. Others are located in various depart- 
ments, some of which are health departments ; the latter units are frequently tied in 
with industrial hygiene programs. For example, the city ordinance in St. Louis 
delegates responsibility to the industrial hygiene section of the St. Louis Division of 
Health for the control of air pollution from sources other than the burning of fuel 
or refuse. The Detroit Bureau of Industrial Health, through an arrangement with 
the local smoke abatement agency, has responsibility for the technical phases of air 
pollution evaluations. 

A unique arrangement is in operation in Cleveland, where air pollution control 
has functioned satisfactorily for several years as a divisional activity in the Cleveland 
Department of Health and Welfare. This is an exceptional case in which the 
division of Air Pollution Control has under its administration the Bureau of 
Industrial Hygiene. 


The air pollution problems studied by these agencies during the reporting period 
ranged from potentially serious ones, such as lead fumes escaping from a small lead 
smelter near a housing development, to nuisance complaints, such as bad odors from 
a soap-making factory. Soot fall studies have been made by the divisions in West 
Virginia, Massachusetts, and Illinois and by that in St. Louis, usually in cooperation 
with local smoke abatement engineers. The Baltimore Bureau of Industrial Hygiene 
made an intensive study of seven asphalt paving plants to evaluate the effectiveness 
of dust suppression equipment both within and outside the plants. The divisions in 
the Detroit and Michigan health departments are cooperating with the United 
States and Canadian governments in a study of the international pollution problem 
at Detroit and at Windsor, Ont. Three divisions—Pennsylvania, New Jersey and 
West Virginia—have set up their own mobile laboratories in an effort to facilitate 
the sampling and analysis of atmospheric contaminants in the field. 

Many other related activities, including developmental research, assistance in 
drafting local ordinances, and working with local citizen groups on air pollution 
abatement, were reported by these agencies. Comments in the reports leave little 
doubt as to the importance that air pollution control work is receiving in their 
programs. Personnel limitations and the enormity of some of the problems are the 
chief obstacles to compliance with many requests for assistance. 

Ionizing Radiation ——The tremendous expansion of the industrial uses of radio- 
active materials and the increased numbers of persons potentially exposed to harmful 
ionizing radiations have placed an added responsibility on the state and local indus- 
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trial hygiene agencies. Since but a few years ago hazards in this field were limited 
chiefly to those associated with radium dial painting and industrial uses of x-rays, 
additional training was required before industrial hygienists could undertake the 
study and control of ionizing radiation hazards. To provide the necessary training 
in the use and dangers of radioactive isotopes and in monitoring techniques, the 
Division of Industrial Hygiene of the Public Health Service held seminars to which 
the states sent selected personnel. At the same time, the agencies further prepared 
for this job by purchasing necessary equipment and instruments. Thus, today, 
almost every official industrial hygiene agency has on its staff one man with at least 
some training in ionizing radiation control, as well as in the use of essential monitor- 
ing equipment. 

According to the reports of these agencies, among the first problems tackled 
was the location of sources of ionizing radiation and users of radioactive materials. 
Of the specific problems studied, some centered around the industrial uses of x-rays. 
Much attention, too, was given to the use of x-ray and fluoroscopic units in hospitals 
and health departments; for example, the Michigan Division of Industrial Health 
made an intensive study of the magnitude of x-radiation exposures of radiological 
personnel in diagnostic work at mental institutions. Also under considerable study 
were radioactive static eliminators, which are finding increasing use in industry to 
prevent objectionable static electricity in high speed processes. Particularly out- 
standing has been the work of the New York Division of Industrial Hygiene and 
Safety Standards in developing protective measures for workers exposed to this 
hazard, and of the Tennessee Industrial Hygiene Service, which has already com- 
pleted a study of the static eliminators in 35 plants throughout the state. 


Metals used as the basic sources of ionizing radiation are also under study. A 
comprehensive study of health hazards associated with uranium mining and milling 
operations in the Colorado plateau is now being conducted by the Public Health 


Service, and other groups in cooperation with the divisions in the states of Colorado, 
New Mexico, and Utah. 


Of universal interest, because of the possible effects of excessive radiation on 
shoe salesmen and customers, are the hazards arising from the use of fluoroscopic 
shoe-fitting machines. During 1949 and 1950, 40 state and local agencies completed 
systematic monitoring surveys of these machines in their areas. Without exception, 
each agency reported that most of the machines in use were producing potentially 
harmful amounts of stray radiation, and that many were not being operated accord- 
ing to good practice. As one result of these surveys, regulations governing the safe 
operation of the machines were adopted by local health departments in Detroit, 
Milwaukee, and New York and in Louisville-Jefferson County (Ky.), as well as 
by the state boards of health of Indiana, Kansas, Mississippi, and West Virginia. 

Agricultural Insecticides——Another responsibility assumed by the industrial 
hygiene agencies concerned problems arising from the application of agricultural 
insecticides. The organic phosphates—particularly parathion, an economically 
important insecticide which is demonstrably toxic to both animals and human 
beings—created new and serious occupational health problems. During 1949 and 
1950, at least seven known deaths and numerous poisonings occurred among mixers 
and packers, crop dusters, and other users of the insecticide. 
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The first approach to this problem was a vigorous educational program. In 1949, 
the Division of Industrial Hygiene of the Public Health Service, after a meeting 
with representatives from the Department of Agriculture and manufacturers of 
parathion, distributed to the state and local industrial hygiene agencies a warning 
statement on the dangers of ps-athion. These agencies, in turn, distributed the 
statement and other warning bulletins to physicians, local health departments, 
farmers, and other known users of the insecticide. Visits were then made to indus- 
tries known to be engaged in packaging or mixing insecticides, and if parathion was 
one of the ingredients used, appropriate precautionary methods were urged. Several 
laboratories determined blood cholinesterase levels on exposed workers to ascertain 
the amount of insecticide in the air breathed. The chemist of the Minnesota 
Division of Industrial Hygiene developed a method for determining parathion in 
the air. The California Bureau of Adult Health has under way a study of the extent 
to which airplane dusting of crops with parathion and other insecticides may 
endanger the health of both plane pilots and workers in the field. 

Although parathion figured prominently in these studies, other insecticides were 
also subjected to investigation. For example, studies for mercury exposure in the 
handling of ceresan,* used in the treatment of cotton seed, were initiated by the 
Arkansas Division of Industrial Hygiene, among others. The New York division 
investigated exposures to high concentrations of paradichlorbenzene used in moth- 
proofing, in which problems were created by the substance in both wet and dry 
form. 

Environmental Cancer Control_—The participation of the state and local indus- 
trial hygiene agencies in environmental cancer control programs is limited at the 
present time. Several states received grants from the Public Health Service for 
research activities; among these were California, Pennsylvania, Ohio, and New 
York. The Bureau of Adult Health and the Chronic Disease Service of the 
California Department of Health are jointly investigating the occupational aspects 
of lung cancer to determine what, if any, occupational pattern is characteristic of 
persons in whom cancer of the lung develops. The Pennsylvania Bureau of Indus- 
trial Hygiene established an environmental cancer section, which is making a 
statistical study and an environmental evaluation of all cancer-caused deaths of 
males which occurred in the general population in 1947. The Ohio Industrial 
Hygiene Division completed a comprehensive occupational cancer study in a 
chromate-manufacturing plant. The New York Division of Industrial Hygiene and 
Safety Standards, in cooperation with the New York State Occupational Cancer 
Committee and various interested groups, has studied occupational exposures of 
more than 1,000 cancer patients in an effort to acquire needed scientific evidence 
concerning known and suspected carcinogenic agents in the working environment. 
And, finally, several state agencies are participating in a study of the chromate- 
manufacturing industry currently being conducted by the Public Health Service. 


Other Environmental Services —The prevalence of occupational diseases in most 
states may be difficult to determine, but the evidence brought to light by the various 
field studies leaves little doubt that the suppression of these diseases is far from a 
reality. Several facts account for this situation. The preventive knowledge exists, 
but there are many industrial plants in which it has not been applied. Furthermore, 
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while a great deal has already been done in controlling the well known occupational 
diseases, the continuous cropping up of new problems as well as new phases of old 
problems requires constant vigilance. 

Some idea of the types of investigations undertaken may be obtained from the 
following illustrations. During the reporting period, the Indiana Division of 
Industrial Hygiene investigated four deaths and numerous cases of arsine poisoning, 
and the Illinois division two deaths from arsine poisoning due to handling an 
arsenic-bearing dross in a lead-refining process. The West Virginia bureau investi- 
gated a severe outbreak of chloracne which resulted from the blowout of an autoclave 
making trichlorphenol; 80 workers were affected. The Massachusetts division 
investigated a plant where three workers became seriously ill as a result of cleaning 
jackets in a fluid containing carbon tetrachloride. The same solvent was responsible 
for two deaths in a Kentucky plant where carbon tetrachloride was used to remove 
paint from aluminum pans without the use of protective devices. 


The Pennsylvania bureau made a study of ozone generators in garages in a 
12-county area and found that their use introduced ozone gas into the garage air 
in potentially harmful concentrations. Several agencies—among these, Mississippi, 
Minnesota, Oklahoma, and St. Louis—completed studies of solvent hazards in dry- 
cleaning establishments. The Minnesota division, for example, discovered that 10 
per cent of the plants surveyed were using halogenated hydrocarbons in excessive 
concentrations, which accounted for complaints of illness among the workers. 


The use of gas heaters in an enclosed space, particularly in tourist courts, has 
resulted in a number of deaths, and represents another type of problem coming to 


the attention of industrial hygiene agencies. The Georgia division, in cooperation 
with a local university, and with the aid of a Public Health Service grant, is engaged 
in a research project on carbon monoxide, whereby the division hopes to determine 
the minimum ventilation requirements for the safe use of space heaters. 


Common but still troublesome problems encountered are those associated with 
dust control, particularly silica. For example, an intensive granite dust control 
program, including x-raying of the chests of workers exposed to silica and other 
dusts, has been in effect in Vermont for at least 12 years. Yet, last year, during an 
inspection of every granite shed in the state, 39 per cent of the local exhaust units 
in use were found below standard, requiring repairs or alterations in order to meet 
the minimum standards of operation. 

Another outstanding activity of the Vermont division was the assistance it gave 
the granite quarries in arriving at a solution of the dust problem by introducing wet 
drilling. Numerous obstacles had to be overcome because of the tremendous size 
and depth of the quarries, and the severe winters, but all five quarries will have 
completed the conversion process in the near future. 

The divisions in North Carolina, New Hampshire, and Vermont have programs 
for routine x-raying of workers in the dusty trades. The North Carolina division 
reported that during 1949, 16 cases of silicosis and 34 of asbestosis were found 
among a group of 1,842 workers examined. This group comprised 36 per cent of 
all exposed workers in the state. In several states, mass x-ray case-finding programs 
have served as a means of uncovering cases of silicosis and have given some idea 
of the incidence of this disease. For instance, the Cleveland bureau received 218 
case reports in one year, and the Detroit bureau received 205. 
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A study of the clinical aspects of occupational diseases by the Massachusetts 
division was made possible through a grant from the National Institutes of Health 
providing for two full time hospital beds. Typical of cases under study have been 
four cases of benzene poisoning, one case of chronic beryllium intoxication, and two 
cases of what appeared to be goiter among workers exposed to cyanide salts. 

Most of the agencies have their own chemical laboratories, without which it 
would be impossible to conduct many field studies in which exact knowledge of the 
degree of contamination in the environment is necessary. Over 34,000 analyses and 
examinations were reported during the period under study. In addition, over 
45,000 measurements of air contaminants and physical conditions were made in the 
field. 

Besides their routine activities, the agencies are actively cooperating in the 
numerous projects of the American Conference of Governmental Industrial 
Hygienists, which is an organization composed chiefly of governmental industrial 
hygiene personnel. For instance, the Industrial Hygiene Codes Committee has 
essentially completed its work on uniform industrial hygiene standards, and is now 
working on several proposed guides for uniform industrial hygiene codes or regula- 
tions concerning such subjects as dry-cleaning operations, fluoroscopic shoe-fitting 
devices, and radioactive static eliminators. When completed and approved, these 
standards will be available to official agencies for their guidance. Several agencies 
are also serving as collaborating agencies for checking and developing methods in 
connection with the determination of the presence of numerous substances, such as 
lead, manganese, formaldehyde, nitrogen dioxide, benzene, and chlorine. Recom- 
mended threshold limits of air-borne toxic materials are the result of the continuous 
work of the conference’s Committee on Threshold Limits. And, finally, among 
other exemplary projects is the “Manual on Industrial Ventilation,” recently pub- 
lished, which is the work of the Committee on Industrial Ventilation. 


IN-PLANT MEDICAL SERVICES 


The medical phases of industrial hygiene programs have been less extensively 
developed than the environmental, chiefly because of the unavailability of personnel. 
At present 32 of the 59 industrial hygiene units provide medical and/or nursing 
consultation services for industrial health. About 20 per cent of the field services 
given during the period under study consisted of promoting effective health pro- 
grams in industry. Improvement of plant nursing services received considerable 
emphasis, since there are between 10 and 13 thousand nurses working in industry, 
for the most part under limited medical supervision. The provision of adequate 
in-plant medical services for industry as a whole still constitutes a challenge to 
industrial hygienists, whether in government or elsewhere, and is assuming greater 
significance in the face of civilian defense activities. 

The lack of in-plant health services in the small plants—98 per cent of all indus- 
trial establishments have less than 500 workers each—has always received the 
earnest attention of industrial hygiene agencies. While the seriousness of the situa- 
tion is well realized, for it is in the smaller plants that many of the occupational 
health problems arise, efforts in the past have not been too productive. As one 
means of tackling this problem, several divisions, including those in Los Angeles 
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and Minnesota, have actively sponsored demonstrations of in-plant services on a 
part-time basis, utilizing the nursing services of local health departments ; whereas 
others, like the Wisconsin division, have encouraged the services of visiting nurse 
associations. Continuation of these demonstrations has been difficult, however, 
because of the limited facilities of local health departments and the demand for 
nursing service in other public health fields. 


Taking another approach to the problem, other industrial hygiene agencies such 
as those in Georgia and Connecticut, have fostered the promotion of group financing 
of central services by several industries. The Winder Cooperative Health Center in 
Georgia, for example, has been functioning for several years, with the actual cost of 
the services defrayed by participating industries. The Petrie Clinic in Atlanta, 
which was started recently, and the Hartford, Conn., cooperative service are other 
examples of group sponsorship. The Detroit division on the other hand, in an effort 
to help the smaller industries in its area, has established minimum standards for 
first-aid and emergency medical services in small plants. 


The fostering of adult health programs in industry by the industrial hygiene 
agencies, particularly in view of the current emphasis on such specialized fields as 
mental health, control of chronic diseases, and geriatrics, is dependent on, among 
other factors, availability of personnel and facilities in their areas. Most popular is 
the promotion of tuberculosis case-finding surveys in industry, a program which has 
been encouraged by practically all agencies at one time or another over the past few 
years. The Pennsylvania division operates its own mobile x-ray unit in such 
surveys. Asa rule, however, the taking of the roentgenograms is done by the tuber- 
culosis control agency, while the participation of the industrial hygiene division is 
limited to promoting and making arrangements for the surveys in industries, and to 
reading roentgenograms, especially those indicating occupational disease of the 
lungs. In addition to considerable work in this field, the Georgia division has also 
participated in multiphasic screening programs in Atlanta; in fact, its laboratory 
developed the anthrone blood carbohydrate test * to the point where it has proved 
satisfactory for mass survey techniques. 


In only one state—Pennsylvania—has an industrial hygiene division shown any 
extensive activity in promotion of dental health. With the aid of its mobile labora- 
tory, the Pennsylvania division routinely conducts examination of workers for 
occupational dental defects. 


The promotion of nutrition programs is likewise among the less extensive 
activities of the industrial hygiene agencies. Aside from the New York division, 
which has an industrial nutritionist on its staff, and the Georgia and New Jersey 
divisions, which utilize the part-time services of nutrition consultants, other divisions 
usually call on the state nutritionist for assistance as needed in the evaluation of the 
adequacy of feeding programs for workers and in the study of other specific 
problems. 

Mention is occasionally made of planned programs aimed at mental health and 
geriatrics, but to date only isolated instances have been reported in which industry 
has been stimulated to undertake these programs. 


3. Fetz, R. H., and Petrie, L. M.: The Anthrone Blood Sugar Method Adapted to Diabetes 
Case Fnding in a Multiple Screening Program, Pub. Health Rep. 65:1709 (Dec. 22) 1950. 
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LOCAL HEALTH DEPARTMENT PARTICIPATION IN INDUSTRIAL HYGIENE 


Full time industrial hygiene activities at the local level are not widespread at the 
present time, although there is a definite movement to bring local health departments 
more into the picture, particularly in view of the possible passage of federal legisla- 
tion aimed at strengthening local health departments. Twelve city and county health 
departments have industrial hygiene units of their own, ranging in size from one 
hygienist to the full complement of professional personnel found in St. Louis, 
Baltimore, Detroit, and Los Angeles County. Although the local units are adminis- 
tratively autonomous, their programs are generally integrated with those of the state 
units. As a matter of fact, most of the smaller local units depend entirely on state 
facilities for laboratory work and for much of the necessary field equipment. 


Various types of working relationships prevail between the state units and those 
local health departments which do not provide for separate industrial hygiene 
services. Asa rule, the state agencies keep local health officers informed of prospec- 
tive services to industries in their areas and invite their participation. Copies of 
plant reports are usually sent to the local health officers either to inform them or 
to be referred by them to plant management. In the several states that have decen- 
tralized their central staffs, such as Michigan, Illinois, and Texas, the local health 
departments physically house the district personnel. Local health departments have 
assisted state industrial hygiene personnel in dealing with sanitation problems in 
industrial plants and nuisance complaints, in air pollution control, in industrial 
waste disposal, in determining the extent to which industry has complied with 
recommendations, in distributing educational materials, locating new industries or 
establishments for special studies, following up cases of tuberculosis and venereal 
disease among workers, and in furnishing nursing services for demonstrations of 
small plant part-time nursing services. 

Several divisions have gone beyond the usual type of integrated services. For 
example, the California bureau is encouraging local health departments to establish 
their own industrial hygiene services when they are justified in doing so. A coopera- 
tive county-wide survey was completed in San Diego in 1949, with the result that 
the health department is ready to initiate its own program, pending the procurement 
of personnel. The California bureau also routinely distributes to county health 
departments current information on occupational diseases reported in their juris- 
dictions. Another illustration is the program under way in Oregon, where all full- 
time health officers were visited concerning their participation in industrial health 
activities. Sanitarians in two areas received some preliminary industrial hygiene 
training, and county-wide surveys are being conducted in other counties to demon- 
strate the industrial health problem. The New Jersey bureau likewise has been 
making community-wide surveys in cooperation with local health departments as a 
means of enlisting the participation of local county health departments in the 
industrial health program. 

The Kentucky division solicited local aid in obtaining information for a state- 
wide survey of health and medical services in industry. The counties responded by 
providing trained sanitarians, who are now making industrial sanitation inspections 
for which special forms have been developed as a guide. Arrangements have also 
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been made for county health nurses to accompany the consultant nurse into plants 
when visits are made, thus giving industry an opportunity to become acquainted with 
the county-wide industrial health programs. 

The above illustrations represent a definite trend toward utilizing local health 
departments in implementing industrial hygiene programs. The majority of local 
health departments cannot justify specialized industrial hygiene programs of their 
own, but they can give valuable assistance in coordinating the industrial health pro- 
gram with community health facilities and in performing certain industrial health 
services. Such cooperation is particularly important today in view of the current 
emphasis on adult health and civilian defense activities. 


SUM MARY 


Programs of governmental industrial hygiene agencies are being constantly 
influenced by new developments concerning industrial health. The extent to which 
the state and local agencies are able to assume the newer responsibilities and at 
the same time continue with routine activities is discussed. The information is based 
on activity reports of these agencies for the 1949 calendar or 1950 fiscal year. 
Areas of national interest mentioned include air pollution, ionizing radiation, agri- 
cultural insecticides, and environmental cancer control. Illustrative examples of field 
studies conducted show that much still needs to be done in controlling occupational 
diseases. Medical phases of industrial hygiene programs are less extensively 


developed than the environmental, chiefly because of personnel shortages. To some 
extent this shortcoming is being offset by the gradually increasing participation of 


local health departments in industrial health. 


STATE AND LOCAL GOVERNMENTAL AGENCIES ENGAGED IN 


HYGIENE ACTIVITIES 


INDUSTRIAL 


(This list includes agencies submitting reports of activities and those for which other infor- 
mation was made available.) 


Jurisdiction 
Alabama 


Administrative Location of Agency or Service 


Division of Industrial Hygiene, Alabama Department of Public Health, 
Birmingham 


Arizona 
Arkansas 


California 
Los Angeles City 
Los Angeles County 


Oakland 
Colorado 
Connecticut 


District of Columbia 


Florida 


Bureau of Sanitation, Arizona Department of Health, Phoenix 

Division of Industrial Hygiene, Arkansas State Board of Health, 
Little Rock 

Bureau of Adult Health, California Department of Public Health, 
Berkeley 

Division of Industrial Health, Los Angeles City Department of 
Health, l.os Angeles 

Division of Industrial Hygiene, Los Angeles County Health Depart- 
ment, Los Angeles 

Oakland City Department of Health, Oakland 

Division of Industrial Hygiene, Colorado Board of Health, Denver 

Bureau of Industrial Hygiene, Connecticut Department of Health, 
Hartford 

Bureau of Public Health Engineering, District of Columbia Health 
Department, Washington 


Industrial Hygiene Division, Florida State Board of Health, Jackson- 
ville 
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Georgia 


Fulton County 
Idaho 


Illinois 


Indiana 
Iowa 


Kansas 
Kentucky 


Louisiana 
Maine 
Maryland 
Baltimore 
Massachusetts 
Michigan 


Detroit 
Minnesota 


Mississippi 
Missouri 


Kansas City 


St. Louis 

St. Louis County 
Montana 
Nebraska 
New Hampshire 


New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 


Ohio 
Cleveland 


Oklahoma 


Division of Industrial Hygiene, Georgia Department of Public Health, 
Atlanta 

Fulton County Health Department, Atlanta 

Division of Public Health Engineering, Idaho Department of Public 
Health, Boise 

Division of Industrial Hygiene, Illinois Department of Public Health, 
Chicago 

Division of Industrial Hygiene, Indiana Board of Health, Indianapolis 

Division of Public Health Engineering and Industrial Hygiene, Des 
Moines 

Industrial Hygiene Section, Kansas State Board of Health, Lawrence 

Division of Industrial Health, Kentucky Department of Health, Louis- 
ville 

Industrial Hygiene Section, Louisiana Department of Health, New 
Orleans 

Industrial Health Section, State Department of Health and Welfare, 
Augusta 

Division of Chemistry and Industrial Health, Maryland Department 
of Health, Baltimore 

Bureau of Industrial Hygiene, Baltimore City Health Department, 
Baltimore 

Division of Occupational Hygiene, Massachusetts Department of Labor 
and Industries, Boston 

Divisicn of Industrial Health, Michigan Department of Health, Lan- 
sing 

Bureau of Industrial Health, Detroit Department of Health, Detroit 

Division of Industrial Health, Minnesota Department of Health, 
Minneapolis 

Division of Industrial Hygiene, Mississippi Board of Health, Jackson 

Bureau of Industrial Hygiene, Division of Health of Missouri, 
Jefferson City 

Industrial Hygiene Service, Kansas City Health Department, Kansas 
City 

Industrial Hygiene Section, St. Louis Health Division, St. Louis 

St. Louis County Health Department, Clayton 

Division of Industrial Hygiene, Montana Board of Health, Helena 

Industrial Hygiene Division, Nebraska Department of Health, Lincoln 

Bureau of Occupational Health, New Hampshire Department of 
Health, Concord 

Bureau on Adult and Industrial Health, New Jersey Department of 
Health, Trenton 

Industrial Hygiene Service, New Mexico Department of Public 
Health, Santa Fe 

Division of Industrial Hygiene and Safety Standards, New York 

State Department of Labor, New York 

Division of Industrial Hygiene, North Carolina Board of Health, 
Raleigh 

Environmental Sanitation Service, State Department of Health, Bis- 
marck 

Industrial Hygiene Division, Ohio Department of Health, Columbus 

Bureau of Industrial Hygiene, Cleveland Department of Public Health 
and Welfare, Cleveland 


Bureau of Sanitary Engineering, State Department of Health, 
Oklahoma City 
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Oregon 
Pennsylvania 


Pittsburgh 
Rhode Island 
South Carolina 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
West Virginia 


Wisconsin 
Milwaukee 


Wyoming 


Hawaii 
Puerto Rico 


Industrial Hygiene Section, Oregon Board of Health, Portland 

Bureau of Industrial Hygiene, Pennsylvania Department of Health, 
Harrisburg 

Industrial Hygiene Division, Pittsburgh Department of Health, Pitts- 
burgh 

Division of Industrial Hygiene, Rhode Island Department of Health, 
Providence 

Division of Industrial Health, South Carolina Board of Health, 
Columbia 

Industrial Hygiene Service, Tennessee Department of Public Health, 
Nashville 

Industrial Hygiene Section, Texas State Department of Health, 
Austin 

Division of Occupational Health, Utah Department of Health, Salt 
Lake City 

Industrial Hygiene Division, Vermont Department of Public Health, 
Barre 

Bureau of Industrial Hygiene, Virginia State Department of Health, 
Richmond 

Bureau of Industrial Hygiene, West Virginia Department of Health, 
Charleston 

Industrial Hygiene Division, Wisconsin Board of Health, Madison 

Industrial Hygiene Section, Milwaukee Health Department, Mil- 
waukee 

Industrial Hygiene Service, Wyoming Department of Public Health, 
Cheyenne 

Bureau of Industrial Hygiene, Department of Health, Honolulu 

Industrial Hygiene Section, Puerto Rico Department of Health, 
Santurce 


CADMIUM POISONING 


LAWRENCE H. COTTER, M.D. 


AND 
B. H. COTTER, M.D. 
NEW YORK 


ADMIUM is a metal which is being widely used in industry at the present 

time, particularly as a substitute for the scarcer metals. A silver-white, lus- 
trous metal, so soft it can be cut with a knife, it melts at 321 C. and boils at 767 C. 
It is insoluble in cold hydrochloric acid or sulfuric acid. It is a constituent of many 
easily fusible alloys, solders and mercury amalgam. It is used in vapor lamps, 
photometry and electroplating. It appears in pigments as cadmium sulfide, a very 
durable yellow, and in cadmium selenide as a red fixative. 


That cadmium is one of the more toxic metals is well known, and the clinical 
picture of acute cadmium poisoning is generally familiar to industrial physicians 


and toxicologists. The typical acute poisoning, starting with irritation of the 
throat and cough, goes on to severe, constricting pain in the chest and dyspnea 
associated with chills and prostration. Pathological findings are grossly those of 
pulmonary congestion and edema. Microscopically, one observes cellular infiltra- 
tion, pneumonitis and hemorrhages. The typical poisoning is usually fatal. 

Acute cadmium poisoning, however, does not present this classic picture in 
every case, and the cases in which it does not frequently go unrecognized. In 
many such cases the patient recovers without a diagnosis of cadmium poisoning 
having been made. Regardless of the precise clinical syndrome presented by 
patients with cadmium poisoning, little is known about the alterations in the blood 
chemistry and the metabolic processes characteristically associated with this condi- 
tion. Information about these alterations would not only provide a broader picture 
of the toxicological action of cadmium absorbed into the body but it might be 
expected to provide preclinical evidence which if detected early would be invalu- 
able for purposes of prevention. 

It is the present purpose to discuss the changes in blood chemistry found in 
five workers exhibiting the less typical clinical manifestations of cadmium poison- 
ing, and to consider the significance of these findings for purposes of diagnosis and 
prevention. All five workers were known to have been exposed to cadmium, and 
the cadmium absorbed into the blood and that excreted in the urine were measured 
quantitatively. Two of these workers were simultaneously exposed to lead and 
showed evidences of absorption and excretion of lead. However, since previous 
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studies of lead workers (Cotter*) showed no significant changes in their blood 
chemistry, these cases were included in the series. The series is believed to be of 
interest also because it was possible to follow the patients for many months and to 
repeat some of the laboratory work. 

Briefly, the method employed for quantitating cadmium in blood and urine was 
based on the fact that dithizone (diphenylthiocarbazone) disintegrates at pH 11 
except in the presence of an excess of cadmium.? 


REPORT OF CASES 


Case 1.—T. V., a 35 year old white man, worked as a burner of clean and painted steel 
for seven years. In the process of converting a ship, he encountered numerous cables running 
through the bulkhead he was clearing, which gave off an irritating gas as he burned them. After 


Taste 1.—Laboratory Data Obtained After the Patient Emerged from Coma 


Substance or Test Amount or Reaction 


Blood sugar 

Serum cholesterol 

Free cholesterol 
Cholesterol esters 

Serum phosphorus 

Serum nonprotein nitrogen 
Serum uric acid 


meg./100 ee. 


1 
mEq./l. 


Bodansky units/100 ce. 


we 


Serum calcium 
Serum halogen 1 
Serum carbon dioxide.... 

sodi 


o BRB 


alkaline phosphatase 


total protein 


Gm./100 ee. 


4 
7.7 
4.7 
3.0 
0.5 
2.5 


pseudoglobulins . 


Blood cadmium 


0.18 mg./100 Gm. 
Urine cadmium 


0.10 mg./1. 
Hematological Findings 


3,300,000 
14 Gm./100 ce. 


Differential count 


Neutrophils 
Monocytes 
Lymphocytes 
Basophils 
Reticulocytes 


four hours in this atmosphere he had a terrific headache and went into a coma. The plant doctor 
who saw him made a provisional diagnosis of carbon monoxide poisoning and withdrew a 
sample of blood under oil which he submitted to one of us (L. H. C.) for analysis when he 
referred the case for further study. Only 1 vol. per cent of carbon monoxide was found. 
When the patient was next seen, he had recovered consciousness. He was sweating profusely, 


and his pulse and respirations were rapid. There was no congestion of his mucous membranes, 
no lead line, no abdominal tenderness and no muscle weakness. 


1. Cotter, L. H.: Lead Intoxication by Inhalation, J. Indust. Hyg. & Toxicol. 28:44-46 
(March) 1946. 


2. Church, F. W.: A Mixed Color Method for the Determination of Cadmium in Air and 
Biological Samples by the Use of Dithizone, J. Indust. Hyg. & Toxicol. 129:34-40 (Jan.) 1947. 
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Because a study of the blood chemistry in this case suggested some toxic substance in the 
cable, the scrap pile was carefully searched, and metal clips containing cadmium, which had 
supported the cable, were discovered. Absorption was indicated by the finding of cadmium in 
the blood and the urine (table 1). 

There was no further exposure to cadmium. But for the next three months the worker 
suffered with headaches of diminishing severity. A year later he contracted an acute infection 
of the upper respiratory tract. At this time his blood cadmium was found to be 0.14 mg./100 Gm. 
of blood, but this disappeared completely when the intercurrent infection subsided. At this later 
date he appeared well, had no symptoms of any sort and was working as a truck driver. 

The apparent storage of cadmium, in this case, with the metal being released during an 
intercurrent infection, is of special interest in that it is reminiscent of a similar phenomenon 
observed in lead intoxication. 


TaBLeE 2.—Laboratory Data Obtained After Three Months 


Substance or Test Amount or Reaction 


Serum calcium 6.1 mEq./1. 
Serum alkaline phosphatase 3.1 Bodansky units/100 ee. 


Blood cadmium 0.12 mg./100 Gm. 
Urine cadmium 


TaBLe 3.—Blood Cadmium One Year from Onset 


During intercurrent acute respiratory infection 

Blood cadmium 0.14 mg./100 Gm. 
After respiratory infection had subsided 

Blood cadmium 


The alterations in blood chemistry are of interest in indicating damage to both liver and 
bone marrow: 


on § abnormal cholesterol ratios 
l elevation of total proteins and serum globulin 


Bone marrow: anemia 


Case 2—A. P., a 47 year old white man, had been a structural steel worker for 13 years. 
In the course of the current wrecking job he burned some metal plating which gave off acrid 
fumes. He became acutely ill on the job, with severe headache, dizziness and roaring noises 
in his ears, also weakness and pains in his legs. When examined he was in acute pain, with 
pallor and sweating. The laboratory findings appear in table 4. 

At the end of five months he still felt weak and dizzy, and his urine continued to show 
albumin, though less in amount. The cadmium in his blood and urine had dropped to a trace. 
The blood chemical findings at this time may be seen in table 5. 

At the end of nine months the patient still complained of weakness, headache and dyspnea. 
There was a noteworthy improvement in the hematological picture. But he could work only 
at odd jobs (table 6). He was not seen after this. 


| 


TasLe 4.—Laboratory Data at Onset of Poisoning 


Substance or Test Amount or Reaction 
Blood sugar 
Serum nonprotein nitrogen..................... 
Serum urie acid 
Serum phosphorus . 
Serum cholesterol .. 
Free cholesterol .. 
Cholesterol esters . 


Serum 7 Bodansky units/100 ce. 


Serum 
mEa./1. 
Serum sod 

Serum 

Serum of 

Serum Gm./100 ce. 
Serum J 

Serum 

Blood cadmium 

Urine cadmium 

Albumin and casts 


Hematological Findings 


Differential count 


Neutrophils 
Lymphocytes .. 


Eosinophils 
Reticulocy tes 
Stippling and anisocytosis of red cells 


TaBLe 5.—Laboratory Data After Five Months 


Substance or Test Amount or Reaction 
Serum nonprotein nitrogen. 29 
phosphorus 2.9 
Serum cholesterol 158 
Free cholesterol 83 ma./100 ec. 
Cholesterol esters 85 
Serum uric acid 7A 


Serum total protein 
Serum albumin 
Serum globulin .. 
Serum euglobulin . 
Serum pseudoglobu 


Gm./100 ce. 


PoP 


Blood cadmium 
Urine cadmium 


TaBL_E 6.—Laboratory Data After Nine Months 


Substance or Test Amount or Reaction 
Serum nonprotein nitrogen 
Serum total protein 
Serum albumin 
Serum globulin 
Serum euglobulin 
Serum pseudoglobulin 


Hematological Findings 


Differential count 
Neutrophils 
Lymphocytes 
Monocytes 


Trace 
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In this case, in addition to hepatic damage and damage to bone marrow, there was also 
evidence of renal damage: 
j abnormal cholesterol ratio 


Li 
Si high serum globulin 


Kidney shigh serum nonprotein nitrogen 

{albumin and casts in urine 

{ anemia 

J high reticulocyte count 
basophilic stippling 

| anisocytosis 


Bone marrow 


Tasi_e 7.—Laboratory Data at Onset of Poisoning 


Substance or Test Amount or Reaction 
Blood sugar 
Serum nonprotein nitrogen. 
Serum cholesterol 
Free cholesterol .. 
Cholesterol esters 
Serum phosphorus 
Serum urie acid.... 


Serum 


Bodansky units/100 ee. 


Serum 
Serum 
Serum 
Serum 
Serum 


Gm./100 ce. 


Serum 
Serum 
Serum 
Serum 


4 
Se 


0.06 mg./100 Gm. 
0.08 mg./1. 
Blood cadmium 0.28 mg./100 Gm. 
Urine cadmium 0.24 mg./1. 
Albumin and hyaline casts 


Hematological Findings 


Differential eount 


Neutrophils 
Lymphocytes 


Marked anisocytosis and stippling of R. B. C. 


Case 3.—J. R., a 31 year old white man, had worked as a color pulverizer for three years. 
When seen he was powerfully built, was in no apparent distress and had a pulse rate of 62 and 
normal respirations. He complained that he had been working in an atmosphere laden with 
color dust, wearing only a cotton mask with a simple filter, and that he had been feeling tired 
and weak for some time. Both lead and cadmium were found in his blood and urine at this 
time. The complete laboratory findings are presented in table 7. 


After he had been removed from further exposure for six months, he felt perfectly well and 
had no further complaints. 


In this case the patient was exposed to both lead and cadmium. Perhaps the nature of the 
clinical picture reflected this. It is interesting that within six months after exposure had ceased, 
the blood and the urine were negative for both metals; basophilic stippling had disappeared, and 
the urine contained no albumin or casts (table 8). 


alkaline 


TasBLe 8.—Laboratory Data After Six Months 


Substance or Test Amount or Reaction 
Serum urie acid 


Free cholesterol .. 
Cholesterol esters .. 
Serum phosphorus 


1.8 Bodansky units/100 ee. 


Gm./100 ec. 


logen 
earbon dioxide.. 
i 


Blood cadmium 
Urine cadmium 


Differential count 
Neutrophils 


Eosinophils 
No basophilic stippling 


TaB_e 9.—Laboratory Data at Onset of Poisoning 


Substance or Test Amount or Reaction 
Blood sugar 
uric aci 


Serum alkaline phosphatase 6.7 Bodansky units/100 ee. 
Serum total proteins 78 

Serum albumin ‘ 8.2 } Gm /100 ee. 

Serum globulin itis 46 


Serum caleium 5.4 

Serum carbon dioxide... on 27 mEq./1 
Serum halogen 108 
Serum sodium 146 


Blood lead None 

Urine lead None 

Blood cadmium 0.38 mg./100 Gm. 

Urine cadmium .. 0.36 mg./1. 

Albumin 3+ (many R. B. C. 
and eylindroids) 


Hematological Findings 


Eosinophils 
Reticulocytes 
Few normoblasts, anisocytosis 


Serum alkaline 

None 
Hematological Findings 
Differential count 
neat 6 % 
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The abnormalities of the blood chemistry in this case indicated that both liver and kidneys 
had been injured. The injury is attributed to the cadmium rather than to the lead absorbed. 
Lead may, however, have played a role in the production of the bone marrow changes. 

Liver! abnormal cholesterol ratio 

l high serum globulin 


high serum nonprotein nitrogen 
Kidneys? high serum uric acid 
albumin and casts in urine 


| basophilic stippling 


TasBLe 10.—Laboratory Data After Three Months 


Substance or Test Amount or Reaction 
101 


nonprotein nitrogen 21 | me. ee. 
phosphorus 34 


3.2 Bodansky units/100 ce. 


72 
4.1 >} Gm./100 ee. 
3.1 


Blood cadmium 
Urine cadmium 


Albumin and microscopic changes 


Hematological Findings 


Differential count 
Neutrophils 


Lymphocytes 
Monocytes .. 


Basophils 
No stippled cells 


Case 4.—J. A., a 23 year old white man, had been employed at pulverizing cadmium sulfide 
for a year. He neglected to wear the mask provided, because it was uncomfortable. A cough 
developed, and a yellow tinge to his skin, which he thought was due to the cadmium yellow. 
On physical examination he had a slight icteric tint, a harsh cough and rapid respirations. 
He was expectorating blood-tinged, frothy sputum, and his chest was full of rales. The labora- 
tory findings may be seen in table 9. After three days his chest signs cleared up. The jaundice 
lasted a week. 

He returned for reexamination at the end of three months, feeling fine. He had undergone 
no further cadmium exposure in the interim. The laboratory findings at this time appear in 
table 10. 

This is another case in which absorption and excretion of both lead and cadmium were 
demonstrated. Jaundice was an interesting clinical finding. The chest findings were more 


Blood 
Serum 
Serum 
Serum alkaline phosphatase. 
5.1 
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typical for cadmium than in the previous cases. Evidences of damage to the liver, kidneys and 
bone marrow were demonstrated : 

jaundice 

high serum bilirubin 

high serum alkaline phosphatase 

abnormal cholesterol ratio 

high serum total protein 

high serum globulin 


Taste 11.—Laboratory Data at Onset of Poisoning 


Substance or Test Amount or Reaction 


Serum cholesterol 
Free cholesterol) ase 60 

Cholesterol esters pith mg./100 ce. 
Serum phosphorus 

Se urie acid 


Gm./100 ee. 


5.5 mEq./1. 
0.3 mg./100 Gm. 
0.1 mg./1 


Differential count 


Neutrophils 
Lymphocytes 
Monocytes ... 
Eosinophils .. 
Basophils 


No basophilic stippling 


TasLe 12.—Laboratory Data After Five Months 


Substance or Test Amount or Reaction 


mg./100 ce. 


Gm./100 ce. 
euglobulin 


pseudoglobulin 


cadmium 


high serum phosphorus 
high serum sodium 
Kidneys; high serum nonprotein nitrogen 
albumin and cylindroids 
R. B. C. in urine 
Bone marrow: anemia 


Case 5.—J. S., a white man, was a laborer engaged in mixing powdered chemicals for the 
manufacture of various cadmium compounds. He never wore a mask and found the dust 


Serum alkaline phosphatase. 2.0 Bodansky units/100 ce. 
1.7 
; Hematological Findings 
Serum 
Serum 
None 
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irritating. After a year he had nausea, vomiting and vague abdominal pains, and always felt 
tired. On examination, his liver was felt well below the costal margin, and there was diffuse 
abdominal tenderness. The mucous membranes were subicteric, and there was a bluish line 
on the gums with some pyorrhea. The urine was normal. Detailed laboratory findings at this 
time appear in table 11. 


This man was removed from the hazard and had dental care. At the end of five months his 
gums were clear, he had no abdominal tenderness and said he felt well. His blood count and 
urine were normal (table 12). 


This case is interesting in that clinically the liver appeared to be the organ particularly 
involved and this was confirmed by blood-chemical determinations. There was also a consid- 
erable degree of anemia without signs of renal damage. 

{ palpable liver 

Liver { high serum globulin 

| low serum albumin 

Bone marrow: anemia 


COM MENT 


The five patients presented had all been exposed to small amounts of cadmium 
—either dust or fumes—for considerable periods. Patients 3, 4 and 5 had mixed 
exposures, patients 3 and 4 having been exposed simultaneously to lead. Lead 
was quantitated in the blood and urine of these patients. In general, it is believed 
that metals which would complicate the clinical and laboratory findings, such as 
mercury or arsenic, were not present in this series. In lead absorption, as previ- 
ous work ' indicated, no significant changes occur in the blood chemistry. So it is 
believed that the findings in this series may properly be attributed to the cadmium 
which was shown to be present in blood and urine in all cases. 

An opportunity was afforded to follow these patients both clinically and by 
laboratory studies, and all recovered completely in about six months after exposure 
had ceased. It is interesting that the classic picture of cadmium poisoning with its 
acute pulmonary disease was apparently absent in this series, except in case 4, in 
which characteristic pulmonary signs and symptoms were associated with frank 
jaundice. Even in case 1, in which the cadmium exposure was apparently suf- 
ficient to cause unconsciousness, no pulmonary evidence of cadmium intoxication 
developed. 

In all these cases, cadmium was found in both blood and urine and quantitated. 
It disappeared with recovery of the patient. The blood chemistry of each patient 
was studied at the onset of the intoxication and again several months later. Hema- 
tological studies were also made in all cases. The results of all of this laboratory 
work are presented in detail. Damage of liver and bone marrow was evidenced 
by changes in blood chemistry in all five cases. Renal damage was found in cases 
2, 3 and 4. 

The present series of patients showed no evidence of hypocalcemia. In fact 
patients 1 and 2 showed elevations of blood calcium. Blood calcium studies were 
carefully followed because of the reports that in France battery workers showed 
calcium deficiencies in addition to cadmium poisoning. It is possible that the diet 
of the general population of the region was deficient in calcium after the war and 
that this accounted for the hypocalcemia which was found. 

In the entire field of occupational medicine the diagnosis of acute intoxication 
is relatively simple, because patients with acute intoxication tend to be hospitalized. 
They can thus be carefully studied, and opportunities may be afforded for pathologi- 
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cal investigation. Such cases tend to be reported in the literature and at medical 
meetings, and the practicing physician becomes familiar with them. Far less is 
known, however, either clinically or toxicologically about low grade intoxication, 
which results when patients have been exposed to smaller amounts of the toxic 
agent for extended periods. Still less is known about the preclinical alterations 
which occur in the biochemical and metabolic processes of the body under these 
circumstances. And yet, it is only in those instances in which such preclinical 
manifestations of intoxication can be detected and evaluated that one is in a position 
to prevent the development of clinical disease. 


SUMMARY AND CONCLUSIONS 


A series of five cases is presented in which workers exposed to cadmium had 
cadmium in the blood and the urine but did not present the classic clinical picture 
of cadmium poisoning. 


All five workers recovered after several months, with cadmium disappearing 
from their blood and urine. 

Studies of their blood chemistry indicated evidences of injury to the liver, the 
kidney and the bone marrow. 

It is believed that careful studies of the blood chemistry of workers exposed to 
toxic substances should be done whenever possible. The data obtained not only 
throw light on the toxicological effect of exposure and assist the physician in 
arriving at a correct diagnosis but, particularly when found preclinically, are indis- 
pensable for purposes of prevention. 


48 East Sixty-Fourth Street. 
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INVESTIGATION OF SMALL, AIRBORNE, CHARGED PARTICLES BY AN 
ELECTRICAL METHOD 


J. H. DANIEL, Sc.D.(Physics) 
AND 


F. S. BRACKETT, Ph.D.(Physics) 
BETHESDA, MD. 


ROPERLY to conduct and interpret investigations of the physiological effects 

of particle clouds, or aerosols, an understanding of the nature and behavior 
of the airborne particles which comprise the clouds is essential. Such an under- 
standing must be based on knowledge of physical characteristics, such as size, 
number and charge, and state and rate of aggregation, of the particles. Although 
it is generally appreciated that particles less than a micron in diameter may 
have great physiological importance, methods for determining even the presence 
of such particles are all too few.? 


We have described elsewhere* in detail an electrical method, applicable to 


either solid or liquid charged particles, which allows a considerable amount of 
information to be obtained on the physical characteristics of the particles and their 
relation to the various mechanisms (aggregation, diffusion, settling) through which 
particles disappear from the aerosol. In this method, a small (about 1 1./min.), 
continuous flow of the aerosol is maintained through a parallel plate condenser. 
A voltage applied to the condenser causes positively charged aerosol particles to 
be collected at one plate and negatively charged particles at the other. The resulting 
minute currents are measured and plotted as a function of the applied voltages. 
From such current-voltage characteristics (provided certain limiting conditions 
having to do with streamline flow, particle speed, condenser design, etc., are satis- 
fied) charge-weighted distributions of =, the radius-charge ratio of the particles, 
may be obtained‘ for particles small compared with the mean free path of air 
molecules (0.064 micron). For particles large compared with this mean free path, 


From the Laboratory of Physical Biology, National Institute of Arthritis and Metabolic 
Diseases, National Institutes of Health. 


1. Hatch, T., and Hemeon, W. C. L.: Influence of Particle Size in Dust Exposure, J. 
Indust. Hyg. & Toxicol. 30:172, 1948. 


2. La Mer, V. K.; Inn, E. C. Y., and Wilson, I. B.: The Methods of Forming, Detecting, 
and Measuring the Size and Concentration of Liquid Aerosols in the Size Range of 0.01 to 
0.25 Micron Diameter, J. Colloid Sc. 5:471, 1950. 


3. Daniel, J. H., and Brackett, F. S.: An Electrical Method for Investigating the Nature 
and Behavior of Small, Air-Borne, Charged Particles, J: Applied Phys., to be published. 
4. As outlined by us in our figures 6 to 8 published elsewhere.® 
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the charge-weighted distribution will be one of .. The former situation we have 
designated as case 1, and the latter as case 2.° 

Examples of such distributions are given in figure 2. A qualitative physical 
picture which is of aid in discussing curves of this type results from the following 
considerations: The left hand portion of the curves is the result of collection of 
particles at low condenser voltages; hence the particles represented by this part 
of the distribution (particles of small = for case 1 or = for case 2) may be termed 
the “easy to collect” particles. Whether they are on the average larger or smaller 
than the “hard to collect” particles (of large ? or . ) of the right hand portion of 
the curve depends on whether particle charge e increases more or less rapidly than 
radius r for case 1 or than r* for case 2. 

By means of such distributions, and with the aid of various reasonable assump- 
tions, we * have arrived at a reasonable picture of the charge-radius relationship 
for a silica aerosol existing under certain conditions. We have also shown that 
these charge-weighted distributions are sensitive to the effects of aggregation, 
diffusion to walls, and gravity settling, in the case of a silica aerosol, and to evapora- 
tion in the case of a water aerosol. In this paper we shall continue this type of 
argument by analyzing these effects further and by making comparisons between 
aerosols. It will be seen that, because of the complex nature of the problem, the 
reliability of our conclusions will often be established not by a single rigorous line 
of reasoning but rather by critical appraisal of the results of our method, making 
use of all available information. 

APPARATUS 


Since we are concerned with comparisons, and since our method requires that 
the conditions under which the aerosol is sampled remain unchanged over the 
period of measurement (of the order of an hour), it is desirable to present in more 
detail some features of the apparatus which determine the conditions under which 
the aerosols are formed and sampled. Part of this information for liquid aerosols is 
presented in the appendix. 


The apparatus for drawing a continuous flow of aerosol from an animal exposure 
chamber, and for making the measurements on this sample, is described by us 
elsewhere * and was used unchanged for these experiments. The aerosol generators 


5. Quantitatively, when limiting conditions (as noted above) are satisfied, the curve obtained 
by analysis of a current-voltage characteristic is a plot of res vs. x, where J is current 
density to the collector plate of the condenser, and -r is the distance measured in the direction of 


flow from the leading edge of the condenser. For case 1, and = 
d(inx) _ d(r/e) he 
where @ is the average charge per particle and d N the number per cubic centimeter of particles 


belonging to the group whose " lies between " and" + d ( ; i= ws where F is the electric 
e e e 
field between condenser plates in e.s.u. per centimeter and # is the air viscosity, and ks = Se pum 


where vm is the maximum velocity of aerosol flow (midway between condenser plates) and Y 

the distance between plates. For case 2,47 = —k.@ _4%_ and x = ki ™ where é@ and 

d N now refer to the group or class of particles whose - lies between ~ and™ +d ( —) k= 


e e 
0-5 d os ks 
1.05 x 1 hi, and kk = 1.05 x 103" 


| | 
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and the animal exposure chamber and their use have been described previously.* 
However, the following modifications were incorporated to allow more nearly 
reproducible control. 


1. A constant exhaust flow of 280 1./min. was maintained from the 2,600 1. exposure chamber 
through a cotton waste filter by a Lyman pump. The rate at which the aerosol flowed into the 
chamber was maintained always less than 280 1./min., and the difference was made up by outside 
air flowing in through a chamber opening in the vicinity of the aerosol inlet. Thus the rate of 
aerosol turnover in the chamber was always one change in 9.3 minutes. To avoid difficulties 
resulting from variable filter resistance, a flowmeter was placed on the exhaust side of the pump, 
separated from it by an oil filter consisting of a flask filled with glass beads. A leak valve was 
placed on the inlet (vacuum) side of the pump between pump and cotton waste filter. This 


“cum 


VALVE B 


BAFFLE 


GENERATOR —|, 


ALR 


PUMP 


Fig. 1—Circulation scheme used to prevent appreciable increase in concentration of a sodium 
chloride solution in the aerosol generator. Valve A is adjusted until the solution syphons into 
the generator at such speed as will give roughly half air and half solution passing through the 
pump. Valve B is adjusted to vary the concentration of aerosol in the chamber without altering 
the conditions under which it is generated. The pump consists of two valves and a rubber tube 
which is alternately compressed and relaxed. 


valve was adjusted until the difference between the total exhaust flow (about 380 1./min.) and 
the leak valve flow (also measured by a rotameter) was 280 1./min. 

2. For silica aerosols it was found necessary to pack the silica dust in the generator storage 
tube as tightly as possible to insure uniform density along the tube height. Otherwise the dust 
concentration in the exposure chamber gradually increased as the feed point approached the 
bottom of the tube. An agitator placed against the feed tube aided in lessening the tendency 


6. Dautrebande, L.; Alford, W. C.; Irwin, D. A.; Mitchell, E. R.; Thompson, E. C.; 
Weaver, F. L., and Wood E. J.: Studies on Aerosols: VI. Effect of Aluminum Powder and 
of NaCl Aerosols upon the Pulmonary Deposition of Silica Dust (Long Exposure), Arch. 
internat. pharmacodyn. 80:388, 1949. 


| 
| 
| 
} 
ar 


508 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


of the dust to be picked up in bursts rather than in a smooth, continuous fashion.” It also 
prevented “caking” on the walls surrounding the Venturi jet. At the end of each run the dust 
which had collected in the elutriators was shaken out. 

3. The washing flask through which the silica aerosol was passed before entering the chamber 
was removed as a possible source of variation (after three hours’ operation sediment sometimes 
stopped up the outlet tube), and two more elutriators in series were substituted. Each elutriator 
removed roughly one-fourth the dust volume removed by the one preceding it; hence the total 
amount of dust removed ® was not greatly altered. 

4. For sodium chloride aerosols the scheme of figure 1 was employed to avoid appreciable 
increase in concentration of the salt solution due to the trapping of larger particles which had 
been concentrated by partial evaporation in the generator. Continuous circulation of the solution 
prevented build-up of concentration in the generator, and fresh solution was used when the 
reservoir volume was about 10 per cent depleted. 

5. The constricting rubber sections of the tubular baffles*® in the salt generator sometimes 
slipped off, and so were replaced with similarly shaped baffles machined from brass. 


One difficulty which was never solved lay in the practical impossibility of dupli- 
cating particle size with the method of silica grinding used. This was evidenced 
by (a) different coloring of different batches of ground dust, the smaller particles 
giving a darker appearance,’ and (>) inability to reproduce concentrations (mea- 
sured in milligrams per cubic meter) in the exposure chamber, sometimes by a 
factor of two or more. From ‘the data accumulated, the only saving feature of this 
situation appeared to lie in the filter action of the elutriators which, to some extent, 
tended to pass only particles below a limiting size, even though the rate of feed of 
dust had to be altered to attain a given concentration. 

The weight of iron mixed with the silica dust as a result of grinding in the 
Braun disc mill was estimated by Dautrebande and associates ° as 2 per cent. At 
the time the experiments reported here were performed, the mill plates were con- 
siderably worn, and a greater time was consumed in grinding a given amount 
of silica. No iron determination was made. 


COMPARISON OF SILICA AND SODIUM CHLORIDE AEROSOLS 


Figure 2 shows the charge-weighted distribution curves of a group of aerosols 
(curve 1 is the silica aerosol of our figure 11 shown elsewhere * and discussed in 
some detail by us there) taken under comparable conditions— e. g., when the silica 
aerosol was run, the same volume of air was introduced through the salt aerosol 
channel as when a salt aerosol was run, and vice versa. From the discussion in the 
appendix it is evident that at this point practically all the water has evaporated 
from the salt aerosol particles. In this connection it is interesting to note that the 
relative humidity was 47 per cent for silica, 61 per cent for an 8 per cent and 65 per 
cent for a 2 per cent salt solution, and 67 per cent for water. In the case of silica 


the conditions would have been more nearly comparable had there been water in the 
salt aerosol generator. 


7. Baking the silica dust in an oven just before its use to insure dryness seemed unnecessary, 
because of its subsequent violent agitation in comparatively dry air. 

8. These are not shown in figure 1. See article by L. Dautrebande, B. Highman, W. C. 
Alford and F. L. Weaver (Studies on Aerosols: III. Production of Liquid Aerosols with an 
Average Mean Micellary Diameter of One-Half Micron; Study of the Agglutination of Liquid 
Micellae, Arch. internat. pharmacodyn. 76:247, 1948). 


9. This was determined by comparing samples retained by the elutriators with samples 
passed by them. 
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Fig. 2—Charge-weighted distributions for silica, sodium chloride and “residue” aerosols taken 
under comparable conditions. 

The portion of the graph reproduced at the left has its abscissa scale expanded 10 times 
in order to show details of curves 4* and 4~. The area A under the curves is proportional 


to the aerosol charge density p. Thus 4 = 5.02 x 105 a and p = oy A = 6.28 x 10-8 A. 


The values of A for these curves are among those listed in the table. Sample flow through the 
condenser was 1.45 1./min. 

Curves 1+ and 1~- represent positive and negative silica particles. Concentration (C) = 
52 mg./m.3, temperature (7) = 78 F., relative humidity (RH) = 47 per cent. 

Curves 2 + and 2~ represent positive and negative salt particles from an 8 per cent solution. 
C = 56 mg./m.’, T = 80 F., RH = 61 per cent. 

Curves 3+ and 3- represent positive and negative salt particles from a 2 per cent solution. 
C = 148 mg./m.’, T = 80 F., RH = 65 per cent. 

_ Curves 4+ and 4~ represent positive and negative residual particles from water aerosol and 
stirred-up dust. C < 1 mg./m.3, T = 78 F., RH = 67 per cent. 

Since no trace of the residuals of curve 4 is found in silica or salt aerosols, the larger 
particles of the latter must act as aggregation centers for the residuals. Comparison of silica 
and salt curves indicates that the salt particles are smaller and more numerous, with less average 
charge per particle and less rapid variation of charge with radius. Comparison of the two 
salt curves (2 and 3) suggests that the final particle charge is determined largely when the 
liquid droplets are formed, and is nearly independent of concentration in this concentration range. 
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The most striking feature of figure 2 is the high, narrow curve 4 for particles 
resulting from water residues (see appendix) and stirred-up dust. For con- 
venience we shall refer to this atmosphere as a “residual” aerosol. In view of the 
difference in dispersal methods it is reasonable to suppose the sizes of these particles 
to be much less, and their charges less, than the average of those of the silica par- 
ticles of curve 1. Thus case 2 (particle radiuses small compared to 640 angstroms ) 
should apply to curve 4, making its abscissas proportional to . Now if the rough 
proportionality of charge to the square of radius found for the silica particles * were 
to hold as an extrapolation to the smaller residuals, the two distributions should 
lie in roughly the same abscissa range (as shown by us elsewhere,® the great 
majority of silica particles are also class 2). The much smaller values of ™ found 
for the residuals must then mean that their charge does not decrease as rapidly 
as required by ea r*. This was to be expected, since our calculations for the silica 
curve ® indicated that with the smaller particles of this curve we already had 
reached the minimum charge of one electron. 


100 


0.2 05 10 
10 (CM) 


Fig. 3.—Distribution of particle radii for curve 4~, figure 2, assuming case 2 (particle 
radiuses small compared with 640 angstroms) with one electron per particle. The reasonableness 
of this distribution strengthens other evidence (see text) that nearly all these “residual” particles 
(from water aerosol and stirred-up dust) carry only a single electronic charge. The mass 
concentration calculated from this curve (by a method explained by us elsewhere,’ assumed 
d= 2.3 Gm./cm. *) is 0.041 mg./m.* and was not detectable with the electrostatic-precipitation 
method used for measurement. The number of particles per cubic centimeter determined from 
this curve is 1.1 x 10.6 These residuals are thus extremely small and numerous. 


For the assumption that every residual particle carries one electron, then, B = 0 
and a= unit electronic charge in the expression e=ar£.'° This assumption 
gives rise to the size distribution of figure 3, which is quite plausible (compare our 
figure 12 elsewhere*). The mass concentration M of the residuals, which could 
not be detected by the electrostatic precipitator, is calculated to be 0.041 mg./m.*, or 
roughly one thousandth that of curve 1. The total charge carried by the residuals * 


10. This expression is considered at length by us elsewhere.’ There it is shown that, provided 
it is applicable, size distributions can be calculated from the charge-weighted distributions, and 
from these, mass concentrations. 


11. As measured by the area under curve 4 (sée table). This also is derived in our article 
published elsewhere,® section 4. 
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is about 0.7 that carried by the silica particles of curve 1; hence the number of 
residuals must be much greater. 

The gravity correction,’ which might affect the left hand or small particle limit 
of figure 3, could hardly be significant for particles as small as these, especially 
since, for 8 = 0, the smallest particles fall at the left hand (“easy to collect”) limit 
of the original charge-weighted distribution (which in turn determines the small 
particle limit of figure 3). At this limit there is still some error due to nonparallel 
flow *; taking this, and the effects of diffusion * into account, it seems probable 
that particles are present in the chamber down to molecular dimensions. 

The most remarkable fact which emerges is that this residual atmosphere con- 
tains a large number of exceedingly small particles which are not present in the 
silica aerosol itself, nor in the salt aerosol. This can mean only that the larger 
silica or salt particles serve as aggregation centers for the minute residual particles.’* 
This type of behavior is probably quite general for small particles in the presence 
of large ones. 

It has not seemed profitable to attempt a detailed analysis of curves 2 and 3 of 
figure 2. Electron micrographs like those shown by Dautrebande and associates ** 
give the general impression that the salt particles are smaller than the silica particles. 
If this is so, it could account for the smaller + intercept of curves 2 and 3 in the 
“easy to collect” region (compared with curve 1). The greater extent of the salt 
curves in the direction of large + must then result from a different charge-radius 
relation than exists in the case of the silica particles—a relation in which the effec- 
tive 8 might lie in the range 0 to 1, but would not approach 2.‘* This is indeed 
reasonable in view of the different circumstances under which, and mechanisms by 


which, charge must be produced in the two cases. The result is a lower average 
charge per particle, which, because of the greater area (area being proportional 
to aerosol charge density) under the salt curves, necessitates a much greater number 


of the smaller salt particles, as is also required by the fact that the mass concentra- 
tions are comparable. 


Curves 2 and 3 were made under conditions as nearly alike as possible with 
an 8 per cent solution of sodium chloride for curve 2 and a 2 per cent solution for 
curve 3. The measured mass concentration of the 2 per cent particles is 26 per cent 
of that of the 8 per cent particles, whereas their total charge (plus and minus) is 


12. If the residual particles were produced mainly by the water aerosol rather than the 
stirring-up of dust, they naturally would not appear in the silica runs not made in the presence 
of water aerosol, nor in the salt runs. However, they did not appear in the few silica tests 
(not illustrated here) which were made in the presence of the water aerosol. 


13. Dautrebande, L.; Kahler, H.; Lloyd, B. J., and Mitchell, E. R.: Studies on Aerosols: 
VII. Dust Aggregation with NaCl Aerosols; Differentiation Under the Electron Microscope of 
SiO: Dust Particles and NaCl Crystals, Arch. internat. pharmacodyn. 80:413, 1949. 


14. In agreement with this deduction is the fact that, after the aerosol had passed through 
a 20 1. settling chamber, the left hand (“easy to collect”) portion of the salt curves was found to 
have decreased more than in the case of silica curves; i. e., the shift of the salt curve to the 
right was greater (see accompanying table). As we* have shown, aggregation always tends 
to produce a shift to the right, whereas diffusion, which causes a shift opposing that due to 
gravity, tends to give a shift to the left for 8 > 2 and to the right for 8 < 2 (case 2). 
small particles and chamber, diffusion is predominant (see fig. 4). 
(8 roughly 2) aggregation alone gives the shift to the right. 
the observed additional shift only if 8 < 2. 


For such 
Thus for silica particles 
For salt particles, diffusion gives 
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92 per cent of that of the 8 per cent particles. To a good approximation this 
is consistent with the picture that in this concentration range the size and the 
charge of the original liquid droplets are independent of concentration (see; how- 
ever, the third paragraph from the end of the following section), and the final 
particle charge is determined to a large extent when the liquid droplets are formed. 
Such a picture is also consistent with the shape of the two curves. If we regard 
the difference in shape as being produced entirely by a variation in the radiuses of 
the particles, the square root of the ratio of the most probable values of © from 
the curves should equal roughly the cube root of the concentration ratio, and this 
is almost exactly so. 
AGGREGATION AND RELATED EFFECTS 


If the aerosol charge density be determined from the area under a charge- 
weighted distribution curve, first for a sample taken directly from the exposure 
chamber, and then for a sample which has passed through a second chamber, a 
fraction may be obtained by dividing the difference in areas by the first (larger) 
area. This fraction will be a relative measure of the total effect of all the causes 
which reduce the charge associated with the particles in the second or settling 
chamber, being zero if the particles pass through unchanged, or unity if all charge 
is neutralized or lost by aggregation or settling out. 

The accompanying table compiles data for silica, sodium chloride and mixed 
aerosols of varying concentrations, taken under comparable conditions (as described 
in the foregoing section) before and after the aerosols had passed through a 20 I. 
settling jar, in which they remained effectively 14 minutes. Curve 1 of figure 4 
shows some of these data for silica plotted as fractional charge loss vs. concentration. 
Now fractional charge loss due to aggregation is concentration dependent, while 
fractional losses due to gravity and diffusion are not. Hence, extrapolation to zero 
concentration gives a relative measure of the fractional settling out due to gravity 
and diffusion in the absence of aggregation.’® 

Similarly, the fractional settling out due to gravity would be little affected by 
the addition of vertical surfaces in the settling chamber, whereas that due to dif- 
fusion should increase in proportion to the total surface presented. Hence, a plot 
of zero-concentration intercepts (obtained as in fig. 4) vs. total surface areas in the 
settling chamber, if extrapolated to zero area, should give the fractional settling out 
due to gravity alone, were aggregation not present. 

Curve 1 of figure 4 will approach unity at sufficiently high concentrations, cor- 
responding to all charge being removed. If, as in curve 2 of figure 4, we construct 
a mirror image of this curve through the ordinate value of the zero-concentration 
intercept but with a vertical scale such that it approaches zero ordinate at high 
concentrations, then the fraction included between these two curves may be regarded 
as a measure of the fractional aggregation of all particles. 


This measure of fractional aggregation is subject to at least two restrictions 
First, it is evident that for complete aggregation in the absence of diffusion or 


15. In the presence of the appreciable aggregation taking place at higher concentrations, this 
intercept value would still represent the fractional settling out, due to gravity and diffusion, 
of the nonaggregated particles only if the size distribution of these particles (and possibly their 
charge distribution also) were unaffected by the aggregation. 
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gravity settling, the fractional charge loss (fractional decrease in area of the charged- 
weighted distribution curves) will always be less than unity in an aerosol with other 
than equal magnitudes of positive and negative charges. Under such conditions, 
knowing the original ratio of positive to negative charge, we could calculate the 
(fractional) asymptote of curve 1 of figure 4 for high concentration. Under actual 
conditions this asymptote should be unity, because, with such large aggregation, 
gravity will effectively remove the unneutralized charge (this is still regarded as an 
effect of aggregation rather than gravity, since the final removal by gravity is con- 
ditional on previous aggregation). However, for the middle portion of the curve, 


Compilation of Data Derived from the Charge-Weighted Distribution Curves 
of Silica, Sodium Chloride and Mixed Aerosols.* 


Charge Ratio 
( + Area ) Fractional Charge 
(— Area ) 

Position of  (=Areal— Area?) 

Maximum Area Positive ( Area 1 ) 
Charge 


Concentra- 


3 Positive Negative Positive Negative Negative Positive Negative 
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~ figures in row 1 for a given aerosol are values for that aerosol taken direct from the exposure chamber, effeec- 

tively nine minutes after dispersal in that chamber. Row 2 for the aerosol gives values found after it has passed from 
the exposure chamber through a 20 1. settling chamber at the rate of 1.45 1./min. (effectively 14 minutes in the settling 

prope or 23 minutes after dispersal). The charge density p (in electrostatic units per cubie centimeter) of the aerosol = 
X 10-* XK area. 


different ratios of positive and negative charge, as well as different sizes, will lead to 
somewhat different values of ordinate for the same aggregation rate. 

A second restriction arises in case collisions occur in which particle charges are 
neutralized but the particles themselves do not stick."* In such cases a fractional 
charge loss is produced which does not represent aggregation. If a sufficient num- 
ber of such collisions should occur, it might be possible (see below) to detect the 
change in shape which they would produce in the aggregation distribution curves. 

Neither of these restrictions affects the determination of relative settling out due 
to gravity, or that due to diffusion, since these are extrapolations to zero concentra- 


16. Aside from the probability of charge neutralization, collisions in which particles do not 
stick are usually considered unlikely with particles of this size, whatever their composition. 
See article by R. Whytlaw-Gray (Disperse Systems in Gases, Tr. Farad. Soc. 32:1042, 1936). 
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tion where charge neutralization is unimportant. In relative comparisons of aggre- 
gation effects between different aerosols, the first restriction will be unimportant 
if the two aerosols originally have the same ratio of total positive to total negative 
charge, and are of comparable size. The second restriction will be unimportant 
if the two aerosols have the same fraction of particles sticking on collision. 

In comparing the behavior of an actual aerosol mixture of two components with 
that of an identically constituted hypothetical mixture having the properties of both 
components in direct proportion to the concentration of each present, both of the 
above restrictions must be considered. Our data in the table are too meager to 
allow an accurate determination of aggregation effect alone for salt (see curve 3 of 
fig. 4) or to allow its determination at all for mixtures. Hence, it is necessary 
to consider the entire fractional loss, including aggregation and settling out 
from diffusion and gravity. On such a basis ** we find hypothetical fractional 
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Fig. 4.—Total fractional charge loss (the average of values for positive and negative charges 
of the table) as a function of aerosol concentration for silica and sodium chloride aerosols passed 
through a settling chamber. 

The triangular and square plots (for silica and salt, respectively) are the results of runs 
taken before conditions were standardized as described in the section on apparatus (page 506). 
The salt aerosols were generated from an 8 per cent solution. The silica curve may be analyzed 
as follows: 

A = fractional charge loss from all causes (chiefly diffusion, gravity settling and aggre- 

gation). 

B = intercept of A for 0 concentration. 


C = Mirror image of A through B on a scale reduced by the fraction x p- The resulting 
curve may be taken as a measure of the fractional loss of all particles due to diffusion and 
gravity. 


D = A —C and may be taken as a measure of the fractional loss of all particles due to 
aggregation. 


Limitations on the accuracy of this interpretation of curves C and D are discussed in the text. 


17. To obtain the fractional charge loss for the hypothetical mixture, the fractional loss for 
a concentration of silica equal to the total concentration of the mixture is multiplied by the 


fraction of silica present in the mixture, and added to a similarly determined value for the salt 
component. 
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losses of 0.48, 0.51 and 0.45 (in order of decreasing proportion of salt), compared 
with the actual experimental values of 0.53, 0.49 and 0.47 (table). While there is a 
slight tendency for the experimental values to be higher, this difference may be 
within the probable error of the values determined.’* Since the average ratio (1.46) 
of plus to minus charge in the silica aerosol component was not too different from 
that (1.3) in the salt component, the first restriction above is probably unimportant 
(the influence of size is difficult to determine but of minor consequence in this con- 
nection). Its tendency would be to increase slightly the fractional loss in the real 
mixture over that in the hypothetical mixture for the same aggregation rate in 
each. Thus, if we may assume the “sticking coefficient” to be the same for all 
particles concerned, the mixture components seem to behave in an approximately 
additive manner, i. e., there is no marked tendency for the components to lose charge 
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Fig. 5.—Charge-weighted distribution curves for positive particles of silica and sodium 
chloride aerosol mixtures. 


Curve 1A represents 36.8 mg./m.* SiOz. + 13.5 mg./m.* NaCl before entering 20 1. settling 
chamber. 


Curve 2A represents 17.0 mg./m.? SiOz + 29.1 mg./m.* NaCl before entering 20 1. settling 
chamber. 


Curve 1 B represents curve J] A after passing through settling chamber. 
Curve 2B represents curve 2A after passing through settling chamber. 
The presence of the two components is distinctly indicated. 


because of diffusion, settling and aggregation either more or less rapidly in the 
mixture than when alone. 


It is evident that the conditions of this experiment were not well suited to deter- 
mine whether the tendency toward aggregation is greater for the mixture than 


18. It may be noted, however, that this tendency seems to be somewhat greater for a larger 
proportion of salt in the mixture. This could be a real effect due to increased aggregation of 
the smaller salt particles around the larger silica particles as nuclei, much as in the case of the 


disappearance of the extremely small residual particles in the presence of silica (see foregoing 
section). 
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for the separate components. For this purpose a settling chamber of large volume 
should be used, so that aggregation constitutes the chief cause of fractional charge 
loss. To average out the fluctuations in aerosol dispersal, a chamber much smaller 
than the exposure chamber used here would be sufficient, and would allow the initial 
measurements to be made on particles much sooner after their dispersal, before 
appreciable aggregation has occurred. Should equal fractional losses then be found 
for real and hypothetical mixtures having components of comparable plus to minus 
charge ratio, there would be only two alternative conclusions: (1) There is 
neither greater nor less tendency for the mixture to aggregate, or (2) the fraction 
of particles having charge neutralized without sticking between like particles (i. e., 
of the same component) is different from that between unlike particles. If the 
second conclusion were valid, and the fractions markedly different, it could 
probably be detected by comparison of the shapes of the mixture curves like those 
of figure 5 with the curves for equal concentrations of the separate components. 

In case the particles of one component are much larger and less numerous than 
those of the other, we might expect the fractional losses for the actual mixture to 
be greater than those of hypothetical mixtures because of the clustering of the 
smaller ones on the larger ones. Such behavior should be quite evident from the 
comparison between separate component and mixture curves. 


It is of interest to note that in early experimental measurements of total 
charge, about 10 per cent excess negative charge was found for distilled water 
aerosols measured along the genzrator delivery tube (this happens to be about 
the same as the value in the tabie found for residues in the exposure chamber). 


For a 5 per cent salt solution, a 24 per cent excess positive charge was found, 
agreeing fairly well with the ratios of our table for exposure chamber solutions of 
2 and 8 per cent. Fora 1 per cent salt solution, however, only a 10 per cent excess 
of positive charge was found, indicating a tendency to return to the excess negative 
charge of distilled water. 

Early measurements of total charge in exposure chambers run under condi- 
tions described by Dautrebande and associates,'* with from five to 12 rabbits or five 
to 30 rats in the chambers, gave about 41 per cent excess positive charge for silica 

_ atmospheres, in fair agreement with the values of our table. However, a 13 per 
cent excess negative charge was found for a salt atmosphere. These chambers 
were no longer available at the time the experiments of the table were conducted. 
In an attempt to obtain excess negative charge from salt aerosols with the setup 
used for the table we tried several different generators, pressures up to 50 Ib. sq. in. 
(3.5 Kg./cm.*), concentrations up to saturation and bubbling the aerosol through 
water. These measures had no appreciable effect on the charge ratios of our table. 

For what they may be worth, these early measurements on chambers con- 
taining animals indicated a 24 per cent excess positive charge in mixed silica 
and salt aerosols, and a 51 per cent excess positive charge in mixed silica and 
aluminum aerosols. No aluminum aerosols were available for measurement. If 
it were true that charge played a part in promoting or hindering aggregation (we 
have presented no evidence on this point), we would expect that aggregation of 
mixtures would be more rapid for components whose excess charges were of 
opposite sign. 
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SUMMARY AND CONCLUSIONS 


Further application of a method described elsewhere * has resulted in the fol- 
lowing additional data: 

1. “Residual” particles, formed by incidental stirring up of dust and evapo- 
ration of distilled water aerosol, are extremely small (most probable radius about 70 
angstroms) and numerous (about a million particles per cubic centimeter ) compared 
with those of either salt or silica aerosols. The majority of these particles carry only 
unit electronic charge, but the total charge density is only a little less than that for 
silica and salt aerosols. The rapid disappearance of these residual particles in 
the presence of salt or silica aerosols indicates that they are quickly aggregated 
by the much larger particles of these aerosols. 

2. The aerosol particles of an 8 per cent salt solution were smaller and more 
numerous than those of a silica aerosol. Although the total charge density was 
greater, the individual particle charge was less and appeared to vary less rapidly 
with radius than that of the silica particles. Whereas the ratio of total positive to 
total negative charge for silica particles averaged between 1.4 and 1.5, it was about 
1.3 for salt. The importance of experimental conditions was emphasized by the 
fact that earlier, with a different exposure chamber containing animals, a ratio 
of around 0.9 was found for salt. 

3. Data for aerosols of an 8 per cent and a 2 per cent salt solution, produced 
under the same circumstances, were consistent with the hypothesis that the solid 
salt particles (remaining after evaporation) had the same charges but had masses 
in proportion to the qoncentrations of the original solutions. This was to be 
expected if the sizes and the charges of the liquid particles produced at the generator 
were independent of concentration in this range. For a 1 per cent solution, how- 
ever, the ratio of total positive to negative charge became 1.1 instead of 1.3, seeming 
to approach the ratio 0.9 found for distilled water. 

4. In a 201. jar, for the concentrations used, the effect of diffusion and gravity 
in removing charge was large as compared with that of aggregation. This probably 
would not be true for a larger vessel. The experiments, as performed, were thus 
not suited to accurate determination of aggregation effects. However, these 
experiments, combined with the ones above, make it seem likely that if a salt 
aerosol of small particles is added to a silica aerosol of somewhat larger particles, 
more aggregation (mainly of salt to silica particles) might be found than would 
be expected on the basis of aggregation of comparable concentrations of either 
salt or silica alone. This would be over and above the increased aggregation result- 
ing simply from increased particle concentration when one aerosol is added to 
another. 

The characteristic which first roused our interest in this method of presenting 
the experimental data by means of a charged-weighted distribution of ss or ; was 
that it appeared to array the particles in a fashion that had some bearing on their 
rate of disappearance. Thus, particles of small - = (or ~ for case 1, where particles 
are large as compared with 640 angstroms) seemed to disappear more rapidly 
since, when the aerosol passed through a settling chamber, the curve shifted 
toward the right in the direction of large " ( * for case 1). From our analysis 
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it appears that this will be the situation usually encountered with small particles, 
and that the reverse effect, where particles of large = (4 for case 1) disappear more 
rapidly, will be encountered only if (a) particle charge increases more rapidly than 
the square of radius (first power for case 1) when loss by diffusion is predominant, 
or (b) particle charge increases less rapidly than the square of radius (first power 
for case 1) when gravity settling is predominant (as might conceivably be the 
case for large particles or shallow chambers). 

It will be noted that with this method particles which are electrically neutral 
affect our measurements only indirectly, and we have given no proof that the 
behavior we have observed is representative of the uncharged particles, if there 
be such, as well as the charged. Such a proof would be irrelevant if it were deter- 
mined that the relative number of neutral particles present was small,’® or per- 
haps would be accomplished if it were demonstrated that the effect of charge on 
aggregation and similar phenomena was small.*° The method we have presented 
could serve as a criterion in developing a means of altering particle charges in 
a controllable fashion,” and then could be used to investigate the effect of charge 
on aggregation, a basic question on which we have not touched. 

Since all the information summarized above has resulted from experiments 
designed to test the feasibility of a method rather than to contribute to a general 
understanding of aerosol phenomena, and since all of the experiments have been 
done with the most involved case of independent charge, radius and charge- 
radius ratio distributions, it is obvious that much additional and more precise infor- 
mation of a more fundamental nature could be obtained, especially in connection 
with aggregation phenomena. Where possible, the use of particles of constant 
size would be a great advantage. In all cases the method we have developed 
possesses the advantage of dealing with the particles while they are still entrained 
in their natural environment, thus avoiding possible misinterpretation resulting 
from faulty methods of collection or from changes which may take place during 
and after collection. In addition, the method appears to be capable of dealing 
with particles even smaller than the limit of resolution of the electron microscope. 

Dr. L. Dautrebande allowed us to use his aerosol-generating equipment. Mr. E. R. Mitchell 
made all measurements of aerosol concentration and assisted in modifying the aerosol flow system 


and in taking data. Dr. J. M. Dalla Valle and Mr. T. F. Hatch offered helpful criticisms and 
suggestions regarding the manuscript. 


19. This number has been reported negligible for materials like silica under the special 
conditions described by W. B. Kunkel (The Electrical Charges on Dust Particles, Phys. Rev. 
78:91, 1950). 

20. There seems to be a general feeling that under many circumstances this also is true 
(Wilson, I. B., and La Mer, V. K.: Retention of Aerosol Particles in the Human Respiratory 
Tract as a Function of Particle Radius, J. Indust. Hyg. & Toxicol. 30:265, 1948. Kunkel, W.: 
Growth of Charged Particles in Clouds, J. Applied Phys. 19:1053, 1948). There are, of course, 
other circumstances under which it is not true (Whytlaw-Gray R., and Patterson, H. S.: Smoke: 


A Study of Aerial Disperse Systems, London, Edward Arnold & Co., 1932, chap. XIV, pp. 146- 
167). 


21. Fuchs, N.; Petrjanoff, I., and Rotzeig, B.: On the Rate of Charging of Droplets by an 
lonic Current, Tr. Farad. Soc. $2:1131, 1936. Lipscomb, W. N.; Rubin T. R., and Sturdivant, 


J. H.: An Investigation of a Method for the Analysis of Smokes According to Particle Size, 
J. Applied Phys. 18:72, 1947. 
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DANIEL-BRACKETT—AIRBORNE, CHARGED PARTICLES 


APPENDIX 


To obtain a clearer picture of liquid aerosols as formed by generators such as were used in 
these experiments, investigations of temperature, dew point and light absorption were made on 
water and salt aerosols at various distances along a 17 mm. (inside diameter) glass delivery 
tube from a generator. The results of such investigations may be summarized briefly as follows: 

Temperatures (measured by fine wire thermocouples) of the jet nozzles and of the air-liquid 
spray inside the generator could be controlled by means of an external water bath. When 
equilibrium conditions were attained, these temperatures differed by not more than a few tenths of 
a degree centigrade. Their average value was taken as the generator temperature, or temperature 
at which the aerosol was formed. 

With the generator operating in air rather than a temperature bath, this generator temp- 
erature dropped about 12 C. below room temperature. Proceeding down the delivery tube, the 
rising aerosol temperature coincided with the dew point until a critical temperature (about 4 C. 
above generator temperature) was reached, above which the dew point remained constant. This 
suggested that the aerosol atmosphere is saturated as it leaves the generator, and that with the 
rising temperature along the tube the small liquid droplets evaporate with sufficient rapidity to 
maintain saturation until the droplets have either disappeared or been converted into solid or 
pseudosolid impurity residues of low vapor pressure. 

This interpretation was checked by assuming that all the water leaving the delivery tube was 
in the saturated vapor phase (none in aerosol particles) at the critical temperature. The amount 
of water leaving the tube, calculated on this assumption, was found equal to the amount entering, 
as calculated from measurements of rate of loss of water from the generator reservoir and of 
temperature, dew point and flow of air into the generator. 

According to this picture, the amount of water in the particles when formed at the generator 
can be calculated as the difference between the amount in saturated vapor phase at the critical 
temperature and that in saturated vapor phase at the generator temperature. This was about 
0.25 Gm./min. and was relatively insensitive to generator temperature. With care in maintaining 
generator pressure and room temperature constant, the 10 watt cooling effect of evaporation could 
be detected by a slight decrease in the slope of the temperature rise curve. 

In some cases the aerosol particles were completely evaporated in a length of tube corres- 
ponding to a particle lifetime of about 0.2 second. Presumably they would have evaporated 
faster had the rise of temperature been more rapid. Theoretically,2* a water drop 10~% cm. in 
radius would hardly last longer than 0.06 second in an unsaturated atmosphere at room tempera- 
ture, and a drop 10-4 cm. in radius, only 0.0006 second. 

Measurements of light absorption 2% plotted against temperature (or length) along the delivery 
tube gave a curve of two branches—a rapidly decreasing branch which merged rather suddenly 
into a constant asymptotic value maintained for the remainder of the temperature rise (or tube 
length). The extrapolated intersection of these two branches occurred at the critical temperature 
for water aerosols, and for salt aerosols of less than 1 per cent concentration. 

The asymptotic absorption values presumably result from absorption by comparatively solid 
impurity (or salt) residues. When the generator was charged with distilled rather than with 
tap water, this value was reduced by a factor of 10 (near the limit of detection of the apparatus). 
The value for 1 per cent salt solution was about five times that for tap water. 

For concentrations greater than 1 per cent the dew point measurements could not be made 
accurately because of the hygroscopic nature of salt. The critical temperature could still be 
determined by the light absorption method, however. For a 5 per cent salt solution the asymptotic 
absorption value was almost five times that for a 1 per cent solution. The transition to the 
asymptotic value was more gradual, as though evaporation were slowed by the high salt and 
impurity content of these larger particles in the later stages of evaporation. 


22. Langmuir, I.: The Evaporation of Small Spheres, Phys. Rev. 12:368, 1918. 
23. We use the term to include scattering, diffraction and reflection effects as well. 
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General 
InpusTRIAL HyGiene Cones. James H. Sterner, Aiha Quart. 11:167 (Sept.) 1950. 


The form and the use of industrial hygiene codes as differentiated from “standards” are 
discussed. The matter of “maximum allowable concentrations” is evaluated; the disagreement in 
values set by various groups and the arbitrary selection of many values are pointed out. The 
author favors codes which are flexible enough to meet changing industrial practice, yet are 
adequate to provide proper protection. The difference, advantages and disadvantages of the 
“definite” code; which gives engineering specifications in detail, and the “performance” code, 
which prescribes the end result of protection, are discussed. The need for accurate and reliable 
information is real, and this need can best be met by intelligent and positive cooperation. 


Gienn A. Jonnson, Arlington, Mass. 


InpUSTRIAL Hycrene. THEoporE F. Hatcu, Indust. & Engin. Chem. 43:85A (Feb.) 1951. 


A fully efficient machine must not exceed limits imposed on it by the physical qualities of 

the materials from which it is made, by the environment in which it will operate, and by the 
anatomical, physiological and psychological limitations of the human operator. Human engi- 
neering has come to imply engineering practice which anticipates these human limitations and 
designs machines accordingly. Engineers must be given the laws of reaction of man to the 
various components of environment in measurable terms of the assessment if this factor is to 
be more than empirical. 
Several examples are given of the need for human engineering and of its successful appli- 
cation. There was a 10 year lag between the designing of superchargers for high altitude 
airplanes and the provision of pressurized cabins for human needs. In contrast, the present 
safe handling of radioactive materials is largely the result of the evolution of the application 
of laws governing biological reaction to radioactivity. 

In the past the emphasis has been placed on modifying existing machines to make them safe 
and workable rather than on incorporating hygienic principles in their design, with the certain 
knowledge that difficulties will arise unless it is done. To supply quantitative knowledge on the 
effects of the working environment is the aim of industrial hygiene. 


J. C. McDonatp, Boston. 


OccuPATIONAL Factors IN THE AETIOLOGY OF GASTRIC AND DuopENAL ULCERS, WITH AN 
EsTIMATE OF THEIR INCIDENCE IN THE GENERAL PopuLaTiIon. RicHARD Do tt and F. A. 
Jones, with the assistance of M. M. Buckatzscu. Medical Research Council Special 
Report Series no. 276, London, His Majesty’s Stationery Office, 1951. 


Employees were interviewed by a social worker and classified according as they had major 
dyspepsia, minor dyspepsia or no dyspepsia. Of those in the latter two groups, 10 per cent were 
used as controls, and only two of the 474 were found to have peptic ulcers; hence this method 
of selecting cases for medical interview was reasonably reliable. Over 6,000 persons were 
included in the survey; 1,302 were referred for medical interview, and 1,284 were seen. Cases 
were diagnosed as proved cases of ulcers if a positive diagnosis had been made radiologically 
or at operation, or if hematemesis or gross melena had occurred. 

Altogether, 334 peptic ulcers were diagnosed, of which 69 (21 per cent) were presumptive 
ulcers diagnosed on the history of pain alone. Three hundred and sixteen of the ulcers were 
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diagnosed among 4,871 men (incidence 6.5 per cent), and 18 among 1,080 women (1.7 per cent). 
These rates cannot be applied directly to the general population, because of the nature of the 
sample, but from these figures the incidence of peptic ulcer in London is calculated at 5.8 per cent 
for men between the ages of 15 and 64, and 1.9 per cent for women of that age range. 

The incidence varied with age. In men there was a maximum of 9.6 per cent at ages 
45 to 54. In women the maximum of 6.1 per cent was recorded at ages over 55, but owing 
to the small numbers in this age group, the incidence is not reliable. If gastric and duodenal 
ulcers are taken separately, the maximum incidence of gastric ulcers was at ages 45 to 54, 
and that of duodenal ulcers 10 years earlier. At ages under 55 the male to female ratio was 
4.5 tol. The expectation of a gastric ulcer developing is greatest between the ages of 35 and 64, 
while the expectation of a duodenal ulcer developing is constant between the ages of 20 and 64. 

Social class did not affect the incidence of duodenal ulcers. Gastric ulcers were two-thirds 
less than expected in social classes I and II (the highest classes) and two-thirds more in social 
class V. 

The men were classified in 20 occupational groups and the expected numbers of ulcers 
calculated from the results of the entire survey. Significantly high rates of incidence were 
found in physicians and in a residual group of unskilled workers, but in the first of these the 
excess was probably due to better diagnosis, and in the second, to differential selection of sheltered 
employment by ulcer subjects. High rates of incidence were also found for foremen and 
business executives. 


A low incidence was found among agricultural workers and perhaps among sedentary 
workers. 

Superficially, irregularity of meals did not appear to influence incidence, but since ulcer 
patients are advised to take regular meals this may account for failure to detect any association 
between irregularity of meals and incidence of ulcer. 

No evidence was obtained of any harmful effect of shift work. 

Anxiety over work was complained of more frequently by men with proved ulcers than by 
men without symptoms of dyspepsia. It may be that anxiety is the etiological factor, but the 
results of the survey are also consistent with the hypothesis that men of conscientious personality 
are particularly prone to have duodenal ulcers. Home worries were not found to be associated 


with peptic ulcer. Tuomas Beprorp, London, England. 


Tue ProstemM or ATYPICAL EpiILepsy IN INDUSTRIAL MepiciIne: Its DETECTION BY THE 
ELECTROENCEPHALOGRAPH. G. VERDEAUX, Travail humain 13:254-269 (July-Dec.) 1950. 


The industrial physician must place workers where least risk exists for them or may be 
created by them for others. Here epilepsy in all its forms calls for detection; few own up to 
this affliction. Epilepsy or even petit mal must be a potential danger wherever machinery exists. 
Anything which will help in detecting the epileptic or the epileptiform state must be of value. 
It is here that the electroencephalographic methods are useful. Epilepsy or a condition activated 
by hyperpnea in an epileptic modifies tracings, which exhibit characteristic irregularities in the 
form of the waves or their rhythm. Modifications due to true epilepsy can be readily picked 
out (typical tracings are illustrated). Atypical fits, even if they are simulated, give their 
differential characteristic tracings, although there may be a need for prudent activation to bring 
them out in the case of suspected anomalies. The use of this method of examination, valuable as 
it undoubtedly is, calls for the expert to take and interpret the tracings. This method of 
examination is of particular value in the diagnosis of the physical group of epilepsies, which 
include petit mal; here the need for an electrical examination is evident. There are also other 
nerve troubles more distantly allied to epilepsy in which this form. of examination should be 
systematically pursued. The reproduced tracings which illustrate this article go far to explain 
to the uninitiated the intricacies of the electroencephalograph. 


E. L. Cottis [Butt. Hye.]. 
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Occupational Diseases and Hazards 


INFLUENCE OF PARTICLE SIZE UPON THE RETENTION OF PARTICULATE MATTER IN THE HUMAN 
Lune. J. H. Brown, K. M. Coox, F. G. Ney and THEopore Hatcn, Am. J. Pub. Health 
40:450-459 (April) 1950. 


Data concerning the influence of size of particles on the proportion of particulate matter 
retained in the alveolar and the upper tract regions of the human respiratory system were 
obtained from determinations made on china clay particles and on carbon dioxide in serial 
fractions of air exhaled by human subjects in a Drinker respirator. The respirator was used 
to regulate the frequency and the depth of respiration and to drive the commutator of an 
electrically operated, rotary valve mechanism for collecting serial fractions (first seven and 
later three) of each expired breath. The CO: concentration in the different fractions was used 
in calculating the proportion of alveolar air in the samples. 

Dusty air for inhalation was prepared by continuously spraying suspensions of carefully sized 
china clay particles in water containing a dispersing agent with a high pressure, reflux type 
atomizer. The air from the atomizer passed through a heater to evaporate water before the 
air split to go through an electric precipitator, to the subject in the respirator, and out an excess 
air port. Samples of dust were collected from the air passing through the precipitator, to be 
used in determining the concentration of dust in the inhaled air. The air going to the subject 
passed through a nose mask designed to have minimum dead space (about 20 ml. per breath). 

As the subject exhaled, seven ports on the electrically operated, rotary valve mechanism 
were opened consecutively to admit a serial portion of the expired breath through an electric 
precipitator into a vinylite collecting bag. Dust was collected from the air by the electric 
precipitators and was washed from the precipitators at the end of the tests, to be used in 
determining the concentration by turbidimetry and by count. The CO, content and the volume 
of air in each of the vinylite bags were determined, as was the CO, concentration in alveolar 
air of the subject, at the beginning and the end of each test. 

The concentrations of the dust in the exhaled upper respiratory air and in the lung air and 
the retention of dust in the whole respiratory system, in the upper respiratory tract and in the 
alveolar region were calculated from the measurements made. 

Over 100 tests with china clay dust, in which the median size of the particles used ranged 
from 0.24 » to 5 “, were made. The data obtained are in agreement with those of previous 
studies in indicating that: 


1. Over-all retention ranges from about 100 per cent for 5 » particles to about 25 per cent 
for % » particles. 


2. Nasal retention ranges from about 100 per cent for 5 # particles to zero per cent for 
1 » particles. 


3. Depth of penetration before deposition increases with decreasing size. 

4. Retention increases with decreasing respiratory frequency. 

5. The respiratory pattern has no significant effect on the site of deposition of particles 
smaller than 1 4. 


The results in the present study not only confirm previous findings but provide data on 


alveolar deposition as distinguished from “lung” deposition, which includes dust deposited in 
air passages above the alveoli. 


The work is being continued in order to study the retention of particles smaller than 4% u 


in diameter and to determine the effect of varying respiratory patterns and other factors of 
interest. 


CarRLTon E. Brown, Frederick, Md. 


OBSERVATIONS ON THE CAUSES OF DYSPNEA IN CHRONIC PULMONARY GRANULOMATOSIS IN 
BeryLL1uM Rosert A. Bruce, FRANK W. Lovejoy Jr., Georce B. BrorHers 
and TuLio VELASQuEz, Am. Rev. Tuberc. 59:364 (April) 1949. 


The resting and exercise measurements of pulmonary and cardiovascular function in six 
patients with chronic pulmonary granulomatosis due to beryllium inhalation (occupational and 
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neighborhood air contamination) are presented in detail in relation to the evolution of the 
disorder and its complications. Extensive data on the patients are presented and discussed in 
terms of lung volume, pulmonary efficiency in relation to work, relation of ventilation and arterial 
saturation to the alveolar gradient, maximum breathing capacity, alveolar pressure, physiological 
dead spaces, cardiovascular measurements at rest, exercise responses, and the effects of con- 


gestive heart failure in one patient. Twenty-four references. Nucuzah SC Anst. 


OccuPATIONAL TUBERCULOSIS AMONG INTERNS AND Nurses. Leopotp Branpy, Indust. Med. 
19:584-586 (Dec.) 1950. 


Tuberculosis is a recognized occupational disease among nurses and interns. Routine 
roentgenologic examination of the chests of patients and personnel and tuberculin testing of 
personnel would aid greatly in eliminating this hazard. A few hospitals have successfully 
decreased or eliminated tuberculosis as an occupational disease and others owe it to themselves, 


their employees and the public to make similar efforts. Many O. Amour, Boston 


OccuPATIONAL CANCER IN A CHROMATE PLANT: AN ENVIRONMENTAL ApprRAISAL. H. G. 
Bourne Jr. and H. T. Yee, Indust. Med. 19:563-567 (Dec.) 1950. 


Bourne and Yee report chromium concentrations of the atmosphere of a plant producing 
sodium bichromate from chromite ore. Their studies were done in connection with an environ- 
mental and epidemiological study conducted by the Ohio Department of Health to add to the 
knowledge of the role of chromium compounds in the incidence of cancer of the respiratory tract. 
The composition of the ore and details of the mzenufacturing process are described. Employees 
were exposed to air-borne chromite, monochromate and bichromate dust and mist. Insoluble 
trivalent chromium was in excess of chromate in seven of nine departments: The median size 
of the air-borne dust was 1.7 microns. In the plant studied, all employees were exposed to 
measurable concentrations of chromium. Weighted average eight-hour exposures are given for 
various occupations within the plant. The authors feel that the carcinogenic hazard in the 
chromate industry can be successfully controlled by proper industrial hygiene engineering 


methods. Mary O. Amour, Boston. 


Tue CLASSIFICATION OF RADIOGRAPHIC APPEARANCES IN COALMINERS’ PNEUMOCONIOSIS. C. 
M. FLetcHer, K. J. MANN, I. Davirs, A. L. Cocurang, J. C. Grison and P. Hucu-Jones, 
J. Fac. Radiologists 1:40 (July) 1949. 


A radiograph of the chest provides the only certain method of diagnosing pneumoconiosis 
and estimating the severity of the disease during life. It follows, therefore, that an accurate 
method of classifying radiographs is essential in order to estimate the prevalence of the disease 
in an occupational group, the effectiveness of preventive or curative measures and the progression 
in individual cases. The authors of the present paper describe the various systems of classi- 
fication which were available when the Pneumokoniosis Research Unit of the Medical Research 
Council began its investigations of coalminers’ pneumoconiosis. They then proceed to criticize 
these in the light of what they regard as the principles on which any sound classification 
should be based, and show why they found it necessary to evolve a new system. 

The chief defect of the earlier radiological classifications is that they fail to distinguish 
between the dual effects of dust accumulation and infection, which are the two main processes 
concerned in the evolution of coalminers’ pneumoconiosis. In a chest radiograph the former 
are represented by relatively small generalized opacities and the latter by larger localized shadows. 

In the new radiographic classification described in this paper these two appearances are 
described separately. Four categories of increasing abnormality are defined for each disease 
process, and a scheme for indicating the areas involved by the infected nodules is also given. 
The paper also contains some excellent reproductions of chest radiographs, a brief description 
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of the radiographic technique used to take these films and a concise catalogue of descriptive 
terms. There is no doubt that the system, which has already given considerable assistance in 
quantitative studies of the prevalence and progression rates of coalminers’ pneumoconiosis, is 
a distinct advance on previous classifications and could with profit be applied to other types of 
dust disease. 


The following table gives the outline of the classification, but details should be sought in 
the original. 


Qualitative Divisions 


Main Divisions | Subsidiary Types | Quantitative Divisions 
Mixed | Category 1— 
Pinhead Minimal 
Granular nodulation 
Simple pneumoconiosis | Moderate 
Homogeneous nodulation 


Marked 
| Cobweb 


Chronic bronchitic Maximal 


Multiple fluify shadows Stage A—Ambiguous shadows 
Faint massive shadows Stage B—Massive shadows 
“Cricket ball” shadows | Stage C—Advanced massive 
Complicated pneumoconiosis | shadows 
| Bilateral reniform shadows D—Advanced massive 
| “Angel Wing” shadows shadows with pulmo- 
nary distortion 


Atice M. Stewart Hye.]. 


THE PuysioLocicaL Response to Dust Locomotive Traction MATERIAL. L. T. 
FarrHaLl, B. HigoMAn and V. B. Perone, Pub. Health Rep. 65:1003 (Aug. 11) 1950. 


The using of sand as traction material for mine locomotives has been considered a potential 
health hazard. The purpose of this study was to determine the relative safety of possible sub- 
stitute materials. Guinea pigs were the test animals, and suspensions of various powdered 
materials or dusts were injected intraperitoneally according to the method of Miller and Sayers. 
The dusts caused a cellular reaction with the formation of peritoneal nodules. Quartz and 
silica sand produced severe cellular reactions. Definite cellular reactions were induced by Lyon 
Mountain ore tailings, magnetite, obsidian, slag no. 4 and traprock no. 3088. A mild cellular 
reaction was evoked by anthracite, bituminous coal, hematite and lodestone. 


Miller and Sayers have noted, at least in some instances, a correlation between the severity 
of the peritoneal reaction in guinea pigs and the pulmonary response in man. In this study it 
was noted that anthracite, bituminous coal and hematite, which are relatively harmless to man, 
produced only mild peritoneal reactions in guinea pigs, and that quartz, which can produce 
severe silicosis in man, produced a severe peritoneal reaction in guinea pigs. 

Fourteen photomicrographs are included. 


ADAPTATION OF AUTHORS’ SUMMARY. 


Apvice To PNeumoconiosis Patients. A. MEIKLEJOHN, Brit. J. Tuberc. 44:104 (Oct.) 1950. 


Meiklejohn stresses that the diagnosis of pneumonoconiosis involves, first, clinical investi- 
gation; second, the occupational history embracing the whole working life, and, third, radio- 
graphic examination of the lungs. All three must be considered together, but the most significant 
is the clinical investigation. 

Mass radiography has now extended beyond tuberculosis surveys, and in pneumonoconiosis- 
producing industries finds increasing use in the early detection of the disease. In factory surveys 
without previous clinical examination the workman is advised that he is suffering from pneu- 
monoconiosis. Such phrases in the x-ray report as “simple pneumonoconiosis,” “in an early stage,” 


| 
| 


ABSTRACTS FROM CURRENT LITERATURE 525 


“the appearances are suggestive” may be significant to his doctor, but for the workman, his 
mates and his family they are dread words. Extensive publicity in the press and on the radio 
has, in recent years, not only awakened his consciousness but simultaneously quickened his 
fear, and the same awareness and fear are shared by his family. Recently, the author was 
involved in the aftermath of such an x-ray survey among a group of steel foundry workers. 
All were highly skilled men between the ages of 30 and 65 years and earning high wages. 

The author prepared in nontechnical language a brief memorandum for general guidance. 
Since the procedure proved highly acceptable, he presents it, in the hope that it may be used 
and perhaps improved by others. 

The memorandum provides some practical information about pneumonoconiosis and explains 
how the disease affects the workman, how it is diagnosed and treated and what a workman 
should do when he discovers that. he has contracted the disease. 


Errects or Soprum CitTrRATE IN LEAD PoIsoNING AND LEAD ABSORPTION: LEAD ABSORPTION. 
D. O. Surets, W. C. THomas and G. R. Pater, M. J. Australia 2:922 (Dec. 23) 1950. 


In a new storage battery factory the authors followed, for signs of lead toxicity, 48 employees 
who were instructed to take 4 Gm. of sodium citrate daily. Stipple cell counts and the ratio 
of large lymphocytes plus monocytes to small lymphocytes were recorded. Two sets of figures 
are presented: (1) a comparison of determinations made before and after sodium citrate had been 
taken for a period of several weeks and (2) a comparison of employees who took more than 
75 per cent of the prescribed doses and those who took less than 75 per cent. In the first 
comparison, a statistically significant decrease was shown in total and coarsely stippled cell 
counts and in cell ratios. In the second instance a less marked change was noted. No 
control subjects were arranged for prior to the start of the administration of sodium citrate. 
The authors emphasize that this drug, although useful as a prophylactic where a lead hazard 
exists, is not a substitute for environmental control of the hazard. 


Paut Wricut, Boston. 


A Case or PNEUMONOcONIOSIS DuE To Emery Dust. 


CHARLES, CAVIGNEAUX, Fucus and S. 
Tara, Arch. mal. profess. 10:511, 1949. 


The case is that of a man who had been employed all his working life of some 30 years 
polishing metals and other articles on emery wheels. He had not been employed on sandstone 
wheels. He kept quite well and experienced no chest troubles of any sort. A chance attack 
of influenza brought him under medical supervision. Except for being edentulous and having 
some rhinopharyngitis, no signs of any disease were found. A roentgenogram showed the two 
lung fields with a fine reticular appearance and with minute nodules like little seeds. The 
roentgenogram is reproduced. The heart shadows are normal. The point is stressed that this 
man has not and never has had any sort of trouble in his chest or elsewhere. Nevertheless, the 
case is reported as one of pneumonoconiosis due to emery. [As there is no sign of any pulmo- 
nary fibrosis, this case can hardly be called pneumonoconiosis. Fine dust of emery and metals 


retained in the lungs without setting up any pathological reaction would cause the slight shadows 
seen. | 


E. L. Hye.]. 


PNEUMONOCONIOSIS CAUSED By CEREAL Dusts. J. STEPHANOPOLI DE CoMNENE and J. Besson, 
Arch. mal. profess. 11:459 (no. 5) 1950. 


Out of 84 dock workers in the port of Marseille who were employed in the handling of 
grain, 21 had pneumonoconiosis caused by cereal dusts. Nine presented the first stage of the 
disease, 11 the second stage and 1 the third stage. 


Chemical examination of six samples of cereal dusts (wheat, oat and barley) obtained from 
the silos of Marseille disclosed appreciable amounts of free silica. 


Roentgenologic follow-up of guinea pigs which had been exposed to the inhalation of cereal 
dusts for periods of several months revealed the same three stages of the pneumonopathic process 
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which were observed in the dockers. The animals were killed at the various stages of the 
disease, and microscopic examination of the lungs revealed the essential part played by the 
sharp-edged vegetable debris in the development of pneumonoconiosis. The authors admit 
the possibility of a fungous or a pyogenic superinfection of the primary lesions. 

The great majority of the grain workers with pneumonoconiosis presented the second stage 
of the disease. The first stage of the disease with chronic bronchitis and dyspnea on exertion 
requires immediate change of work and roentgenologic examination every year for three years. 
Patients presenting the second stage of the disease with permanent dyspnea and cyanosis must 
discontinue any kind of work, sojourn in a rest home and submit to roentgenologic examination 
every six months for two years and after that every year for three additional years. 

The extraction of dust from cereals is feasible and should be done by cyclone aspirators at 
the time of the unloading. 


Berytiiosis. Schweiz. med. Wehnschr. 80:323-326 (April 1) 1950. 


The criteria of the diagnosis of beryllium poisoning are: 


1. Proof of exposure to beryllium: The atmospheric concentration at which symptoms occur 
is over 100 ug./cu.m. of air. About 300 cases of acute and 11 cases of chronic berylliosis 
occurred in America in the extraction of beryllium, where the average concentration was 675 
#g./cu.m. 

2. Absorption. Beryllium is present in the urine of most exposed persons and indicates 
absorption but not poisoning. It is best estimated by a spectographic method, which can 
demonstrate amounts corresponding to 0.1 ug./L. 

3. Clinical symptoms may be classified as: (a) Nonspecific irritation of skin and mucous 
membranes, usually from contact with beryllium halogen compounds or acid salts. This may 
be an erythematous, edematous, itching dermatitis of the chest, forearms, face and scrotum; 
acute rhinitis, sometimes leading to ulcers and perforations of the septum; catarrhal con- 
junctivitis, tracheitis and bronchitis, which may progress to a fatal acute pneumonitis. 

(b) Specific granulomatosis of lungs, skin and other organs. Chronic granulomatosis differs 
from acute berylliosis in not arising during contact, but months or years after cessation of 
exposure. Repeated attacks of acute respiratory inflammation often precede the stage of severe 
general symptoms—lassitude, weakness, loss of weight—which may last for weeks or months 
to be followed by cough, dyspnea and pain in the chest. Decrease in vital capacity occurred 
in 83 per cent of the cases recorded by Machle. 

The roentgenogram shows a diffuse granular and finally nodular granulomatosis. The 
granulomas are rarely larger than 1 mm. in diameter and are localized chiefly in the alveolar 
walls, extending gradually to the interstitial tissue of the interlobular septums of the large 
vessels, the bronchioli and the intrapulmonary bronchi. Microscopically the nodules are at first 
cellular in structure, consisting of lymphocytes, plasma cells and a few large mononuclear 
cells, later of hyalinized fibrous tissue. Inclusion bodies such as are found in silicosis, tuber- 
culosis and Boeck’s sarcoid have not been observed; areas of necrosis, not occurring in Boeck’s 
sarcoid, are frequently present. 

Granulomas may also occur in lymph glands, spleen, liver and bone marrow. 

The differential diagnosis must be made with respect to Boeck’s sarcoid, erythema multi- 
forme, periarteritis nodosa, mediastinal lymphoma, metasteses of cancer, mitral stenosis, lympho- 
granulomatosis, moniliasis and other fungoid infections of the lung, and pneumonoconiosis. 

Therapy is at present ineffective. The chief aim must be prophylaxis, checking and controlling 


exposure at its source. = 
EtuHet Brownine [Buti. Hye.]. 


Various ForMS oF PNEUMONOCONIOSIS STUDIED EspEecIALLy IN ITALY: THIOPNEUMONO- 


CONIOSIS AND Baritosis Due to Bartum Sutripe. G. PaNncnHert, Med. lavoro 41:73 
(March) 1950. 


Pancheri found in two groups of employees (working with pure sulfur and with barium 
sulfide, respectively) that thiopneumonoconiosis has the same clinical characteristics and 
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roentgen aspects as other forms of pneumonoconiosis. Baritosis due to barium sulfate is a 
benignant pneumonoconiosis. The pathologic changes are specific. In the roentgenogram of the 
chest the lesions appear as confluent, well-defined, miliary-like opaque nodules diffuse throughout 
the lungs. 


RecENT Stupies oF SATURNISM IN ItALy. Enric C. Victtant, Med. lavoro 41:105 (April) 
1950. 


The work on saturnism in Italy as carried on by Italians in the course of the last 20 years 
includes studies on (1) absorption and elimination of lead and (2) toxic effects of lead on the 
blood, the viscera, the digestive tract, the nervous system, the cardiovascular-renal apparatus, 
the blood vessels, the endocrine glands and the metabolisms of uric acid and porphyrin. Other 
fields covered are concerned with the therapy of chronic lead poisoning and the clinical and 
medicolegal aspects of chronic lead poisoning and of acute poisoning with tetraethylene lead. 
Work on the anatomicopathologic lesions of this intoxication as seen at autopsies and during 
experiments on animals is also reported. A bibliography of 107 contributions made by Italian 
authors is given at the end of this article. 


Virac Capacity oF Siicorics: I. Moprrications oF ViraL CAPACITY AND OF OTHER 
RESPIRATORY INDICATIONS IN PULMONARY SiLicosis. L. Parmecciani, Med. lavoro 
41:153 (May) 1950. 


The vital capacity values of 424 silicotics were established with the ratio real vital capacity : 
normal vital capacity and the respiratory formulas of Amar, Cantoni, Lambolez and Spehl. 
Remarkable reduction of vital capacity was observed to be more closely connected with the 
gravity of the emphysema than with the gravity of the fibrosis. Of the various respiratory 
formulas examined, Spehl’s formula seemed to be connected more closely with the ratio real 


vital capacity: normal vital capacity. ADAPTATION OF ENGLISH SUMMARY. 


VitTat Capacity oF Siticotics: II. Importance oF MetHops oF DETERMINING THEORETICAL 
Virat Capacity 1n Siricosis. L. PARMEGGIANI, Med. lavoro 41:160 (May) 1950. 


The theoretical importance of measuring vital capacity in cases of silicosis is stressed. This 
is a potential respiratory measure which is relatively constant and little influenced by neuro- 
vegetative conditions in the silicotic patient but very sensitive to those anatomical alterations that 
belong to silicosis, especially to emphysema. The vital capacity measure is more analytical 
than the functional effort tests, being almost independent of extrapulmonary conditions. In a 
sense it is comparable to the roentgenological examination, as it makes a quantitative valuation 
possible. 

Practically speaking, when it is not possible to compare the vital capacity of a silicotic 
worker with the vital capacity he had before he contracted silicosis, the utilization of this 
measure is difficult and requires that formulas be used for the calculation of the theoretical 
normal vital capacity. The most important criticisms of the various ways of elaborating these 
formulas are discussed. These on the whole do not agree, as is shown in a table which presents 
the remarkable difference between the values of normal vital capacity calculated according to 
the various formulas of four silicotic patients. It is suggested that a new table of formulas 
valid for Italian workers be prepared, arranged according to age. 


ADAPTATION OF ENGLISH SUMMARY. 
Putmonary BuLLous EMPHYSEMA AS CAUSE OF SPONTANEOUS PNEUMOTHORAX IN PATIENTS 
wITH Siuicosis. E. Zanetti and E. Conte, Med. lavoro 41:185 (June-July) 1950. 


Zanetti and Conte report a case presenting all the characteristics of multiple bullous emphy- 
sema secondary to diffuse silicotic changes and complicated with spontaneous pneumothorax 
through rupture of a bulla, in a man 35 years old, who worked as a mine driller for 15 years. 
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The clinical symptoms were dyspnea on effort and persistent unproductive cough, attributable 
to silicosis, which lately was associated with sudden pain in the right axillary region and with 
dyspnea at rest, for which the spontaneous pneumothorax was responsible. 

Roentgen examination revealed pronounced diffuse emphysema, which was particularly 
manifest at the bases. Bubbles the size of large hazelnuts were noticeable at the right side, in 
the subclavicular region and in the middle field, and there were ringlike shadows and limited 
zones of great transparency with a fine border in the right subclavicular region. 

It is suggested that parenchymal and bronchial changes modified the perviousness of the 
respiratory tract and the elasticity of the pulmonary tissue. Bronchial obstruction prevented 
the inhaled air from being exhaled. Circular cavities of various sizes originated from rupture of 
alveoli, and spontaneous rupture of a bulla, due to pleural adhesions or congenital or acquired 
fragility of the pleura, determined the spontaneous pneumothorax. According to the authors, 
bullous emphysema has beén demonstrated roentgenologically only in rare instances. 


Test OF CARDIORESPIRATORY FUNCTION IN SrLicosis. L. PARMEGGIANI, Med. lavoro 41:191 
(June-July) 1950. 


Parmeggiani tested cardiorespiratory function in 398 patients with silicosis. The test consisted 
in measuring the rate of the pulse, the rate of breathing and the changes of the arterial blood 
pressure every minute from the moment in which the patients stopped after climbing 60 steps 
in from 20 to 50 seconds up to the time when the aforementioned values become normal. The 
ratio between the rate of the pulse and the rate of breathing at rest varied from 3 to 3.9 in 
51 out of every 100 patients, from 4 to 4.9 in 24 out of every 100 and from 2 to 2.9 in 23 out 
of every 100. After physic.l effort the ratio remained constant in 29 per 100 cases, and 
varied slightly in 37 per 100, generally increasing. This exercise test in silicotics may be 
used in the evaluation of the degree of disability, through the duration of time necessary for 
return to normal values. In the moderate cases of silicosis it is of no significant value. 


DERMATITIS FROM CONTACT WITH STREPTOMYCIN. A. SANTOS ALMErDA, Alergia 4:41 (July- 
Oct.) 1950. 


Santos Almeida reports that dermatologic lesions developed in four of 12 nurses as the result 
of contact with streptomycin. In one the lesions were severe, in two moderate and in one mild. 
They were similar, differing only in extension and severity. There was desquamative erythema, 
particularly of the eyelids and of the hands, frequently with interdigital fissures. The lesions 
appeared some time after the nurses commenced to handle streptomycin, subsided when contact 
with the drug was avoided, but reappeared when work with the drug was resumed. Strepto- 
mycin patch tests were positive. As prophylactic measures, the author recommends investigating 
former allergic disorders of nurses before they are accepted in hospitals for tuberculous 


patients, wearing gloves while handling streptomycin, rotating nurses in various hospital services 
and removing them from contact with the drug. 


ALLERGIC SyNDROMES AS OccUPATIONAL DisEASES. J. MARTORELLI, Alergia 4:53 (July-Oct.) 
1950. 


In connection with the case of a worker in a bread and cracker factory, in whom lesions of 
the skin and bronchial asthma developed, Martorelli discusses the medicolegal aspects of allergic 
syndromes. According to Law 6,988 of Argentina, an allergic syndrome constitutes an occupa- 
tional disease whenever it develops in connection with an occupation. 


INDUSTRIAL DisEASES OF BLoop AND Bioop-Forminc Orcans. D. Parrerras, Med. depor. y 
trab. 14:3090 (Jan.) 1950. 


Parreiras discusses the main physical and chemical causal factors of either professional or 
industrial erythrocytosis and leukoblastosis. 
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The most common physical causes of professional erythrocytosis are the roentgen and 
ultraviolet rays and radioactive substances. Physical trauma and altitude are causal factors of 
industrial erythrocytosis. Chemical causal factors in a high percentage of workers are carbon 
monoxide, arsenic, manganese, iron, antimony, cobalt, lead, phosphorus, sulfur, nitrous gases, 
cyanides and benzene and its derivatives. The main physical causal factors of professional 
leukoblastosis are radioactive substances and roentgen rays. The main causal factors in 
industrial leukoblastosis are physical trauma, especially on the spleen, radioactive substances 
and most of the chemical substances used in industry. The most dangerous substance is 
benzene and its derivatives. Workers in industries in which chemical substances are used should 
have careful examinations of the blood and of the urine at least twice a year and the proper care 
and change of work if progress of a blood disease threatens. 


ComBaT oF OccUPATIONAL ANTHRAX: QUESTION OF DANGER OF ANTHRAX IN HANDLING 


IMpoRTED SHEEP AND Goat Skins. S. Harter and K. Hercken, Ztschr. Hyg. 131:443, 
1950. 


Hailer and Heicken state that there is statistical proof that in Germany anthrax is associated 
chiefly with imported skins, pelts, hairs and bristles, because during both world wars, when such 
imports were cut off, the incidence of anthrax decreased precipitously. 

They made cultures and serologic tests on imported sheep and goat skins, in order to detect 
those that were infected with Bacillus anthracis. Cultures on 2,338 goat skins revealed 503 
that were infected. The skins coming from Asia showed the highest incidence and the severest 
degree of infection, but those originating in Balkan countries, Spain, Morocco, Mexico and the 
West Indies likewise included a considerable percentage of infected skins. 

The sheep skins originated mostly in Asia Minor, and it is known that wool originating there 
is frequently infected with B. anthracis. Bacteriologic tests on 1,902 sheep hides revealed 


164 (or 8.6 per cent) that were infested with anthrax spores. These results indicate that persons 


whose occupation involves contact with these imported skins are in considerable danger of 
contracting anthrax. 


Separate bacteriologic tests on hair and wool and on the shorn skins gave positive results 
most frequently for hair and wool. These results seem to corroborate Gegenbauer’s belief that 
anthrax spores may occur as saprophytes in the pelts of healthy goats or sheep, but this is not 


definitely proved, because the possibility exists that the pelts became contaminated subsequently, 
perhaps during transport. 


Case OF PNEUMONOCONIOSIS ATTRIBUTED TO KAOLIN. 


H. Bastenier, Arch. belges méd. sociale 
hyg. 8:81 (Feb.) 1950. 


Bastenier reports the case of a woman aged 52 who for 39 years did airbrush work on 
ceramics before they were glazed. This work was done in a room 8 M. by 5 M. in size, completely 
separated from other work rooms. No dust was produced. A real mist, formed by droplets of 
color, was floating at the level of the respiratory organs and covered the head and the clothing 
of the worker. Frequently the nostrils became obstructed completely. Severe dyspnea forced 
her to discontinue the work. This dyspnea had become gradually worse in the course of five 
years, and for about one year the patient had been coughing in the morning and in the evening. 
The cough was dry, with little or no expectoration. Auscultation revealed harshness of respir- 
ation in both pulmonary fields. The respiratory rhythm at rest was 30 per minute. Roent- 
genologic examination of the lung revealed an extremely fine accentuation of the network of 
the pulmonary tissue, producing a diffuse spiderweb aspect. Successive thoracic roentgeno- 
grams confirmed the micronodular infiltration, which was more pronounced at the bases. 

An investigation by the service for occupational diseases revealed that the patient had never 
been exposed to the inhalation of silica but that she had been exposed to inhalation of color 
particles which were composed of equal parts of cobalt oxide and a watery suspension of kaolin. 
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Sixty-four per cent of the color particles were of a size less than 16.35 microns; 58 per cent, 
less than 7.78 microns ; 53 per cent, less than 3.85 microns, and 44 per cent, less than 2.14 microns. 

Pulmonary lesions have never been demonstrated in workers employed in the production of 
colors on a cobalt oxide base. Kaolin, however, is an aluminum and potassium silicate and may 
contain free silica in a percentage varying from 1 to 5 per cent. The patient’s condition may 
be attributed to the kaolin, and the following points favor this concept: an extremely long time 
of exposure before the first symptoms appeared ; complete continuity of the occupational hazard, 
i. e., the same work done continuously under the same conditions with a single product the 
composition of which remained constant ; absence of silica dust in the air and very low percentage 
of silica in the kaolin; topographic distribution of the micronodular lesions. 

The fact that the roentgenologic picture was more accentuated at the bases, while the pul- 
monary apexes remained free, brings the lesions nearer to those due to asbestos, which is a 
silicate like kaolin. 


Tue Heart Suicosis. Z. Pracovni lékafrstvi 2:90, 1950. 


Leypold surveys and evaluates the clinical, radiological and electrocardiographic findings in 
the hearts of 100 persons who had severe silicosis with no detectable component of tuberculosis 
and with no primary lesion of the heart. The results are compared with the data in the 
literature. The electrocardiographic examination is of especial importance in determining the 


degree of functional defect. ADAPTATION oF ENGLISH SUMMARY. 


SeveRE, CoMPLICATED SiLicosis D1iaGNoseD TWENTY AFTER THE Patient Hap 
A WorKPLACE IN WHICH THERE Hap BEEN CONSIDERABLE Dust Exposure. Z. VoxKAc, 
Pracovni lékarstvi 2:138, 1950. 


The patient worked for 3% years grinding quartz. The author stresses the discrepancy 
between the radiologically severe finding after 20 years, on one hand, and the absence of 
subjective complaints and the preserved working capacity, on the other. 


CONTRIBUTION TO OcCUPATIONAL BRUCELLOSIS IN YUGOSLAVIA. Josip FaLisevac, Arhiv za 
higijenu rada 1:148-159, 1950. 


Two cases of brucellosis are described in which the occupational cause was established. The 
problem of the occupational causation and the social scope of brucellosis are discussed. Brucello- 
sis is today an important social and medical problem in Yugoslavia, and it is certain that it is 
going to appear increasingly as an occupational disease. 


ADAPTATION OF ENGLISH SUMMARY. 


Industrial Toxicology 


Tue PatTHoLocy or Fatat CARBON TETRACHLORIDE PorsonInG: WitH SpEcIAL REFERENCE 


TO THE HISTOGENESIS OF THE HEPATIC AND RENAL Lesions. H. D. Moon, Am. J. Path. 
26:1041 (Nov.) 1950. 


For some time centrilobular necrosis of the liver and nephrosis have been recognized as 
characteristic findings in carbon tetrachloride toxicity. However, the wide variations in the 
histologic picture generally have not been recognized. Moon describes the pathologic changes 
in 12 cases of fatal poisoning due to carbon tetrachloride. Seven of the 12 persons ingested 
carbon tetrachloride accidently, or with suicidal intent; five inhaled the fumes of carbon tetra- 


chloride. No significant differences were observed in the lesions resulting from these two types 
of exposure. 


All but one of the patients were suffering from acute or chronic alcoholism. The frequency 
of a history of alcoholism in cases of fatal carbon tetrachloride poisoning indicates that alcohol 
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and carbon tetrachloride are synergistic in the production of their nephrotoxic and hepatotoxic 
effects. 

The interval between exposure and death varied from four to 18 days, thus affording an 
excellent opportunity to study the morphologic changes at various stages of development. There 
was a definite correlation between the length of survival and the pathologic changes at autopsy, 
particularly in the liver and the kidney. The hepatic lesions in persons dying soon after exposure 
were extensive. The severity of the hepatic lesion diminished with longer periods of survival. 
This is believed to be due to two factors, namely, less severe injury initially and rapid regene- 
ration following injury. The renal lesions in persons dying within a few days after exposure 
were relatively slight and involved primarily the proximal convoluted tubules. The renal 
morphologic changes became progressively more pronounced with longer periods of survival. 
An inverse relationship was noted between the severity of the hepatic lesions and the severity 
of the renal lesions. Pulmonary edema was present consistently and was greater in those who 
survived longer. 


A MepicaL VIEW oF THE LEAD PropLem. W. C. Witentz, Am. Pract. & Digest. Treat. 
1:1248 (Dec.) 1950. 


According to Wilentz, despite a progressive decline of the incidence of fatal lead poisoning 
in the last 40 years, there are still many cases of temporary disability. 

It is not believed possible at present to eliminate all the toxic effects of lead dusts and other 
forms of lead, but it is felt that it is possible to alter a process so as to lessen the employee 
exposure and therefore the hazard. Practically every type of lead material utilized in, or 
resulting from, industrial processes can be handled and controlled with safety if proper and 


adequate modern equipment is provided and used for the protection of the health of the industrial 
worker. 


Industries must continue to provide funds willingly for this purpose, thus making substantial 
contributions to health and welfare and at the same time increasing profits and managerial 
efficiency. 


Medical supervision is as necessary as ever and must be extended to include every person who 
works with lead. Medical orders relating to exposure of employees must take precedence over 
all others. 


Persons undergoing lead absorption and intoxication should recover with no resulting 
disability on application of modern methods of treatment. The entire therapeutic regimen should 
be directed toward overcoming the intestinal colic and the resultant anemia, making the patient 
symptom-free, with no disability, and returning him to a remunerative job as soon as possible. 
All these requirements can be fulfilled with a calcium immobilization regimen which is simple 


and safe, which shortens hospitalization and the period of disability and which provides results 
that are certain. 


TOXICOLOGICAL AND METABOLIC EFFECTS OF FLUORINE-CONTAINING COMPOUNDS. 


JosepH Lar- 
NER, Indust. Med. 19:535-539 (Nov.) 1950. 


This article reviews the acute and chronic toxicity of fluorine-containing compounds and the 
mechanism of their action. Acute poisoning of humans results in symptoms mainly concerned 
with the gastrointestinal tract and the central nervous system. Animal experiments parallel 
case reports. The well defined syndrome of fluorosis results when small amounts of fluorides 
are taken into the body over a long period. Fluorine has an affinity for hard structures, such 
as bones and teeth. About 1 p.p.m. fluorine in the drinking water seems to aid in the prevention 
of dental caries. Since the war, several new, extremely toxic organic fluorides have been 
investigated. The state of our knowledge of the mechanism of action of the various types of 


fluorine compounds is reviewed (103 references). 
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CARBON TETRACHLORIDE PoIsONING IN MAN: I. THE MECHANISMS OF RENAL FAILURE AND 
Recovery. Jonas H. Srrora and Hattie WARMBRAND, J. Clin. Invest. 28: 1412-1422, 1949. 


By means of the Fick principle, the renal plasma flow was determined in four male subjects 
with carbon tetrachloride poisoning. Renal venous blood was obtained by catheterization of the 
right renal vein. p-Aminohippurate (PAH) was the test substance. In two of the subjects there 
was a marked reduction in the renal plasma flow and renal PAH excretion rate. On the eighth 
day of oliguria the renal plasma flow in one of these subjects was 2.45 cc. per minute and the 
PAH excretion ratio 0.034; the others were similar. Because of the low PAH excretion ratios, 
Cran is not a valid measure of renal plasma flow during oliguria and early diuresis following 
CCl, poisoning. The oliguria and anuria and depressed renal clearance of all substances are the 
result of a marked reduction in renal blood flow and glomerular filtration as well as abnormal 
back diffusion of the filtrate. During the first stage of recovery there was little change in 
Cin, Cor or Cran (In = inulin, Cr = creatinine). In the second stage there was a rapid rise in 
Cm, Cer, and Cran. The third stage showed a gradual improvement in renal blood flow and 
glomerular filtration. (Thirty-five references.) J. T. M. [Cuem. Apst.]. 


ParaANnow STATES OccuRRING IN HANpLers. V. L. Kanan, J. Ment. Sc. 
96:1043 (Oct.) 1950. 


Kahan presents the cases of six Indian males, between the ages of 20 and 40, who were 
hospitalized with emotional disturbances varying from acute excitement and confusion to 
depressive traits, such as hypochondriasis, vague fears and insomnia. They were members of 
military units who had been working with petrol (gasoline) in Iran, where the temperature 
had been as high as 115 F. Filling of the 4-gallon cans was done in the open air, by hand, 
with the men closely watching the filling nozzle. Cans were stacked in the holds of barges, 
and leakage from damaged cans produced a heavy concentration of fumes in the enclosed spaces 
in which the men worked daily for long shifts. The octane number of the gasoline had been 
considerably raised by further addition of tetraethy] lead. 

The series of patients dealt with here includes those most severely affected. Many others, 
believed to be less severely affected, remained with their units and were dealt with by rotation 
of duties and other preventative methods, once the causative factor was appreciated. 


The symptoms presented by these patients did not indicate gasoline poisoning alone, inasmuch 
as dizziness, confusion and collapse, rapidly disappearing on exposure to fresh air, were not 
present. The differential diagnosis had to consider malaria, consumption or deprivation of 
narcotic drugs, alcoholism, carbon monoxide or mercury poisoning, encephalitis, vitamin B 
complex avitaminosis, acute infections, general paralysis of the insane, and, since the gasoline 
was heavily leaded, toxic psychosis from tetraethyl lead. 

The diagnosis of tetraethyl lead psychosis could rest on an authentic history of tetraethyl 
lead exposure and the presence of excitement, possibly maniacal, insomnia, anorexia, weakness 
and loss of weight, combined with increased lead concentration in urine and feces. 


The common 
features of plumbism do not occur. 


An INTRODUCTION TO THE NONCLASSIFIED LITERATURE DEALING WITH BIOCHEMICAL STUDIES 
OF EXPERIMENTAL URANIUM Porsoninc. SAMUEL SCHWARTZ and ELarine J. Katz, in 
Toxicology of Uranium: Survey and Collected Papers. ALBERT TANNENBAUM, editor. 
New York, McGraw-Hill Book Company, Inc., 1951, NNES Div. IV, vol. 23, pp. 262-273. 


The nonclassified literature dealing with the biochemical effects of uranium poisoning has 
been reviewed. Representative studies of various tests have been noted with special reference 


to the literature of the past two decades. 


Most of these tests are based on alterations in kidney 
function. 


Chief emphasis has been given to nitrogen retention, acidosis, albuminuria and 
abnormalities in special renal clearance tests. Although the latter appear to be sensitive and 
reliable indexes of kidney dysfunction, several authors have pointed out that the classic inter- 
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pretation of these tests does not hold in uranium poisoning; inulin clearance, for example, may 
be markedly diminished even when the glomeruli appear essentially normal histologically. This 
is believed to be due to increased back-diffusion of inulin through the damaged tubules. 


all the studies that have been reported are based on dog and rabbit experiments. 
references.) 


Nearly 
(Sixty-one 


AutHors’ SumMMARY [Nucvear Sc. Asst.]. 


Leap Potsontnc AMONG LEAD Workers. G. D. Dizon, V. J. Luctano, J. Y. Navarro and 
others, J. Philippine M. A. 26:417 (Sept.) 1950. 


Dizon and his associates investigated the effects of lead in workers engaged in the manu- 
facture of batteries, washers, lead bars, and seals in four industrial establishments in Manila. 
The 20 lead workers included 3 battery plate casters, 5 battery plate pasters, 4 lead washer 
molders, 4 lead bar molders and helpers. The length of service in each particular job ranged 
from one to 18 years. Air samples were taken from the working environment for determination 
of lead content; the workers were given a physical examination; urine samples were collected 
for porphyrin test and determination of lead content; and blood samples were taken for hemo- 
globin and red cell count, determination of stippling, Kahn and Kolmer tests, and determination 
of blood lead values. 

Air samples revealed concentrations of lead ranging from 0.23 to 2.48 mg. per cubic meter 
of air. These values are very much higher than the maximum allowable concentration of lead 
in the air, which is 0.15 mg. per cubic meter. 

The results of the urine and blood tests strengthen the suspicion that the workers had early 
lead poisoning. Of the 20 urine samples, 12 showed porphyrin, a sign pointing to the develop- 
ment of lead poisoning. Six workers had lead in their urine, the concentration ranging from 
0.15 to 0.60 mg. per liter of urine. These figures are much higher than the normal lead con- 
centration of 0.03 mg. per liter. Of 17 blood samples, 15 had lowered hemoglobin contents ; 
11, lowered red cell counts, and 8, high lead levels. The above findings, with the complaints 
of the workers of weakness and anorexia, intermittent abdominal pain, metallic taste, headache, 
vertigo, neuralgia, etc., strengthen the suspicion that some of the lead workers had been affected 
by lead to a certain degree, and that there was lead hazard in the industries investigated. 


BeRYLLIUM SARCOMATA IN Rappits. J. M. Barnes, F. A. DENz ANpv H. A. Srtssons, Brit. 
J. Cancer 4:212-222, 1950. 


Aqueous suspensions of zinc silicate, beryllium silicate, or zine-beryllium silicate were injected 
twice weekly into rabbits (six or 10 injections). Bone sarcomas developed in six of 17 rabbits 
surviving the injections of zinc-beryllium silicate, and in one of the 11 surviving the beryllium 
silicate. No tumors developed after zinc silicate. Deposits of silicates were found in the soft 
tissues. The tumors had frequent blood-bone and lymph node metastases. 


E. K. Wetspurcer [CuHem. Apst.]. 


Do ALTERATIONS IN THE FuNpUS OF THE Eye AccomMPANy BLoop CHANGES IN BENZOL 


PorsontnG? RENARD, CAVIGNEAUX, CHARLES, Fucus and S. Tara, Arch. mal. profess. 11: 
38-42 (Jan.) 1950. 


Modifications of the fundus of the eye have been described several times in cases of severe 


anemia and leukemia. Aplastic anemia due to benzene may cause retinal hemorrhages. Most 


observations, however, have followed on loss of vision; without that no examination of the eye 
may be made. Such a case is here described where, in a severe attack of anemia due to benzene, 
trouble was experienced with vision. Examination of the fundus revealed the presence of lesions. 
The affected man had to manipulate benzene for dissolving rubber and applying the solution 
to metal felloes. The work was done without any precautions for controlling the fumes or 
any medical supervision of those employed. After some two years the man fell ill, and on 
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examination anemia due to benzene was diagnosed. The condition, which improved under treat- 
ment with liver extract, was severe, and vision was affected. Both retinas displayed disseminated 
hemorrhages, some of which had white exudative centers. As the patient improved, so did 
the condition of the eyes, which were finally considered to be normal. The appearance of the 
fundi of both eyes was typical of an anemia or a leukemia, and it improved as the blood 
improved. Here, the red cells rather than the white were chiefly affected. In future the authors 
propose to examine the eyes in all cases of anemia due to toxic agents. 


E. L. Hye.]. 


CoMPARATIVE NOXIOUSNESS OF BERYLLIUM IN CouRSE OF ITs PREPARATION AND ITs UTIL- 
IZATION. M. Déripéré, Paris méd. 40:591 (Nov. 11) 1950. 


Déribéré, by reviewing the literature on the toxicity of beryllium, particularly the research 
carried out in the United States, Belgium, France, and Germany, arrives at the conclusion that 
there can be no doubt about the hazard of the processing of beryllium from ores and the employ- 
ment of fluorides and oxyfluorides of beryllium and that the manufacturer is required to take 
definite precautions, which today are well known. 

In contrast to that, he questioned whether berylliosis is an occupational disease of persons 
employed in fluorescent lamp works. He stresses the point that with the exception of a few 
rare cases of particular sensitivity, the silicate of zinc and beryllium of the fluorescent lamps 
does not entail any risk with respect to its utilization or for the manufacturer provided that his 
laboratories have a normal and suitable equipment. 


BLEEDING AND BLoop TRANSFUSIONS IN PERCUTANEOUS POISONING WITH ANILINE. A. PIGNERO, 
Minerva med. 70:135 (Sept.-Oct.) 1950. 


Pignero directs attention to the value of blood transfusion following bleeding in the treatment 
of aniline poisoning. Two children were admitted to the hospital with grave symptoms of acute 
poisoning with aniline. The poisoning occurred from the use of shoes made with a material 
recently dyed with a substance containing aniline. The symptoms, although acute in both, were 
worse in one of the patients. The patients were unconscious or in semicoma with dyspnea, 
cyanosis, urobilinuria and acetonuria. Methemoglobin was identified in the blood of both by 
spectroscopic examination. Oxygen, alone or mixed with carbon dioxide, and injected methylene 
blue failed. On the second day the number of erythrocytes had diminished as compared with 
that of the first day. The successful treatment consisted of bleeding of 130 cc. of blood and 
transfusion of 150 cc. of blood, with administration of cardiac tonics and hypodermoclysis as 
coadjutant treatment. Recovery of one patient occurred after one transfusion preceded by 
bleeding in the aforementioned quantities. To the other patient it was necessary to give four 
bleedings of the aforementioned quantity of blood, each followed by an intramedullary blood 
transfusion. The author states that although these cases were accidents involving children, it 
is advisable to apply the knowledge of this treatment in industrial poisoning with aniline. 


CuTANEousS ULcers WorKers Exposep To CHromium. C. L. MENEGHINI, Rass. med. 
indust. 19:161 (July-Aug.) 1950. 


Meneghini observed 120 workers who had been exposed to chromium for a period which 
varied between one and 18 months. More than 90 per cent of the workers had cutaneous 
chromium ulcers on the hands, the fingers, the forearms or the dorsum of the foot. Normal 
volunteers received, then, cutaneous applications of the chromium solutions handled by the 
aforementioned workers. An alkaline chromate solution had strong caustic effects, an acid 
bichromate solution had mild caustic effects, and a slightly acid bichromate solution had no 
harmless effects on the skin of the volunteers. The results showed that chromium cutaneous 
ulcers are due to the presence of the following factors: (1) local precipitation of proteins of the 
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protoplasm, (2) local changes of the hydrogen ion concentration of the skin to pH 7 to 8, (3) 
oxidation of chromates and bichromates and (4) transformation of cellular protein into chromic 
proteins. Prevention of chromium cutaneous ulcers, therefore, depends on (1) the establishment 
of technical improvements in the plants so as to minimize handling of material by workers, 
(2) the observance of the regulations of hygiene and the use of masks and of protective clothing 
by the workers and (3) frequent washing of the working rooms with solutions containing 
chromium-reducing substances. 


Utcers or LaryNx Vocat Corps or Workers Exposep To CHROMIUM DERIVATIVES. 
G. Manciou1, Rass. med. indust. 19:170 (July-Aug.) 1950. 


Mancioli observed 107 workers who had been exposed to chromium derivatives for a period 
which varied between one and 20 months. The workers had complained about changes of the 
voice since the early period of work and, later on, about dysphonia. The following changes 
were observed with the laryngoscope: diffuse inflammation, edema and hyperemia of the larynx 
and of the vocal cords in 71 workers (66.3 per cent) and ulceration of the larynx and of either 
one or both vocal cords, the upper borders of the epiglottis and the upper segment of the trachea 
in 23 workers (21.4 per cent). The regulations of hygiene were not observed in the plant where 
the aforementioned persons were working. 


PoISONING BY THE NEWER METALS: BERYLLIUM, CADMIUM, OSMIUM, AND VANADIUM. DONALD 
Hunter, Arhiv za higijenu rada 1:113-121, 1950. 


A brief review of the properties and occurrence of each of these metals is presented. Occu- 
pations in which they are used are mentioned, and the clinical symptoms of poisoning are 


discussed. Mary O. Ampbur, Boston. 


Leap Potsoninc. W. B. J. Gerrits and H. HEINEMANN, Nederl. tijdschr. v. geneesk. 94:2722 
(Sept. 23) 1950. 


According to Gerrits and Heinemann, in cases of industrial lead poisoning the lead enters 
the body either by the gastrointestinal or the respiratory tract. The symptom complex varies 
greatly ; the individual patient generally shows only some of the many possible symptoms. The 
authors list the symptoms and discuss the laboratory examinations that are helpful in arriving 
at the diagnosis. 

They describe studies on 60 employees of a printing shop in which the so-called offset 
process had been introduced recently. In this process a powder with a high lead content is used. 

In examining these workers the authors made use of the method which other investigators 
had employed in the examination of workers in a storage battery plant. The patient's history 
is taken, and in the physical examination particular attention is given to a lead color of skin 
and mucous membranes, a lead line, weakness of the extensor muscles and the blood pressure. 
The laboratory tests include determination of the hemoglobin content and the numbers of 
erythrocytes, leukocytes, and erythrocytes with basophil stippling. Polychromasia, anisocytosis, 
and poikilocytosis are other blood changes to be watched for. The urine should be studied for 
its porphyrin and lead content. 

The authors report the results of their examinations and stress that it is necessary to differ- 
entiate between the symptoms of increased lead absorption (physical anomalies, basophilic 
granulation of the erythrocytes, increased lead content of the urine and porphyrinuria) and those 
of lead intoxication. One should speak of lead intoxication only if the individual has, besides 
the symptoms of increased lead absorption, the characteristic complaints of lead intoxication. 
They made thorough studies of 47 of the aforementioned 60 workers and found that 44 of the 
47 showed signs of increased lead absorption but that only 21 of them had, in addition, typical 
symptoms indicative of lead poisoning. 
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Medicine and Surgery 


Tue Errects or Sopitum Citrate IN LEAD POISONING AND LEAD ABSORPTION: LEAD Porson- 


inc. D. O. Surets, W. C. THomas and G. R. Parmer, M. J. Australia 2:886-892 (Dec. 
16) 1950. 


The taking of sodium citrate (British Pharmacopoeia) in oral doses of 4 or 5 Gm. in an 
ounce or two of water three times a day is a valuable and simple method of treating lead 
poisoning. It causes a rapid decrease of symptoms and improvement in the general clinical 
condition. It causes increased elimination of lead in the kidneys without concomitant exacer- 
bation of symptoms. The citrate is easy to take and has no unpleasant effects beyond slight 
occasional nausea; this effect has been noticed in few cases. This paper confirms the general 
conclusion of Kety and Letonoff that sodium citrate is of value in the treatment of lead 


ADAPTATION OF AUTHOR’s SUMMARY. 


Two Cases or ARSINE Porsontnc. P. Moureau, E. Ponsart, J. Warn, and M. Joassin, 
Ann. méd. lég. criminol., police sc. 30:174, 1950. 


Of two workers in contact with galvanization ashes, which theoretically should contain Zn, 
ZnCl, ZnO, and PbO, one died and the other was saved by treatment with BAL. The 
symptoms indicated AsHs poisoning. Analysis of the ashes showed an As content of 5 gm./Kg. 


Cuem. Asst. 


DIAGNOsIS, TREATMENT, AND PROPHYLAXIS OF TRINITROTOLUENE PoIsoNING. H. BASTINIER, 
Industrie chim. Belge 15:155-161, 1950. 


TNT poisoning was first observed during the first world war. The effectiveness of preventive 
measures greatly reduced this hazard during the second world war. TNT may be absorbed to 
some extent through intact skin, through the lungs by inhalation of dust and vapors, and through 
the gastrointestinal tract when ingested along with food eaten with contaminated hands. Clinical 
symptoms may appear in a few weeks to six months. The clinical symptoms observed are an 
orange coloration of hands, face and hair, dermatoses, cyanosis, gastric discomfort, jaundice, and 
aplastic anemia, characterized by decrease in white cell count and platelets. The jaundice and 
the anemia occur more rarely but when present often precede death. Treatment of the various 
clinical symptoms is discussed. The importance of minimizing skin contact, removing dust and 
vapors, and enforcing personal hygiene among the workers is emphasized. A brief review of 


the methods for determining metabolites of TNT in blood and urine is given and their value is 
discussed. Mary O. Amour, Boston. 


A Norte on ProroporPHYRIN IN THE Bioop Cetts. V. ReyseK and V. VANa, Pracovni 
lékarstvi 2:201-209 (Nov.) 1950. 


The authors studied the problem of lead poisoning with special reference to a certain 
aspect of the metabolism of protoporphyrin in the blood cells, i. e., the influence of lead and 
of extrahemoglobin iron. The results of the examinations of 235 of the 410 persons examined 
are included in this work. The subjects were divided into four groups. The first group 
comprised 60 persons who did not come into contact with lead in any form; the second group, 
91 persons working under insignificant hazard, where lead poisoning practically never occurs; 
the third group, 52 working under conditions of considerable hazard of lead poisoning. In 
these places there was also a group of 32 persons in whom lead poisoning was found both by 
clinical examination and laboratory test. There was no case of serious poisoning. The 
results have been treated statistically. It was shown that lead definitely influences the metabo- 
lism of protoporphyrin. The opinions of other authors on the clear evidence of the relation 
to extrahemoglobin iron have not been confirmed. This is explained, however, by the com- 


plexity of the process, or rather, by its dynamics. The authors are now carrying out a study 
of the dynamics. ADAPTATION OF ENGLISH SUMMARY. 
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PraXIs OF AN INDUSTRIAL LABORATORY FOR PREVENTION OF TETRAETHYL LEAD POISONING. 


M. Strincari, F. Bovetacct and M. Pepinectr Rass. med. indust. 19:173 (July-Aug.) 
1950. 


The authors describe in detail the medical-hygienic unit of an industrial center engaged in 
the production of tetraethyl lead. The medical care which aims to prevent lead poisoning 
includes (1) a preemployment examination, mainly, of the nervous system, the blood circulation, 
the liver, the kidneys and the digestive tract; (2) control examinations made every week or 
every two weeks, with noting of the body weight, the arterial blood pressure and the results 
of laboratory examinations of the blood or the urine for lead. The workers are closely watched 
for early symptoms of lead poisoning; they receive industrial medical advice on matters of 
health. The personnel of the department of hygiene puts in force the preventive regulations, 
which include work in rotation for one week only in each of the various departments of the 
industrial center, according to the hazard of lead poisoning. The personnel on hygiene watches 
the worker's observance of hygienic regulations, including the use of a mask and of protective 
clothing for one week only. The workers have to use individual lockers and must return to 
the department by the end of the week their masks and clothing, so that these items may be 
sterilized and the masks provided with new carbon filters. 


ORGANIZATION OF First Ap SERVICE FOR WORKERS WITH 


PARALYSIS OF RESPIRATION. G. 
Copprée, Rass. med. indust. 19:188 (July-Aug.) 1950. 


The most frequent industrial accidents leading to paralysis of respiration are (1) poisoning 
with carbon monoxide, (2) electrocution and (3) drowning. In all industrial plants in which 
they may occur, it is advisable to have, in the department of first aid, an artificial respirator. 
The first aid artificial respirator suggested by the author is a modification of Eve's respirator. 
When artificial respiration has to be practiced for several hours, the first aid respirator has 
to be substituted by the iron lung without interrupting artificial respiration. The author suggests, 
also, a modified iron lung for transportation of the patient from the first aid post to the clinic. 
The worker, in need of artificial respiration, feels comfortable in the modified iron lung, which 
fits conveniently into the ambulance. 


Environmental Conditions 


Air DISINFECTION AND STERILIZATION: SYMPOSIUM CONDUCTED BY SoOcIETY OF CHEMICAL 
Inpustry, Foop Group, MICROBIOLOGICAL PANEL, Lonpon, Oct. 11, 1950. Chem. & Indust., 
1950, no. 50 (Dec. 16), pp. 805-807. 


The papers are given in abstract form. They include: “Methods of Sampling Air for 
Bacteria,” by O. M. Lidwell. The process of sampling air for bacteria includes three procedures : 
sampling of the air, collection of bacteria from the sample and recognition and enumerations of 
the organisms. Relatively little attention has been paid to the first. 


Methods of, and instruments 
for, sampling are described. 


“Air Disinfection by Ultraviolet Irradiation and Chemical Vapors,” by R. E. O. Williams. 
General types of both methods are described and compared. The effectiveness of the two 
methods is roughly the same, but they are affected differently by ventilation. 

“Removal of Bacteria from Air by Filtration and Its Application to Industrial Fer- 
mentations,”” by D. A. Parker and G. B. Cherry. Removal of bacteria by filtration has proved 
satisfactory in the fermentation industries. 

“Industrial and Large Scale Purification of Air Supplies (with Special Reference to the 
Electrostatic Precipitator),” by D. L. Munden. Large scale tests with 0.2 Gm. of dust per 
300 cu. ft. (8.5 cu. M.) of air showed an efficiency of 99 per cent dust removal by the precipitron 
against 20 to 4 per cent by viscous and fabric filters. Under more dusty conditions, 2 Gm. of 
dust per 300 cu. ft. of air, the precipitron had an efficiency of 97 per cent, compared with 99.9 
wer cent for the miniature preciptator. Similar tests on air-borne bacteria are being conducted. 
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“Ultraviolet Irradiation of Air Supplies (with Special Reference to Intensity Measurements),” 
by H. Mellors. According to published results, ultraviolet radiation is more expensive than, 
and inferior to, other methods, but final conclusions await further controlled tests. The most 
efficient sources of bactericidal energy are the low pressure mercury-vapor “germicidal lamps.” 
The radiation may be measured by methods described. Preliminary experiments have demons- 
trated the varying resistivity of pathogenic spore-forming and soil-dust bacteria and also the 
low air velocities necessary when complete sterilization is required. Several improvements 
can be made in large scale sterilization, such as more ducts and lamps, precleaning of air, and 
humidity control, but ultraviolet irradiation may prove useful only where reduction of bacterial 


concentration and not complete sterilization is required. Inpust. Hye. Dacest 


FUNDAMENTALS OF SMOKE ABATEMENT. J. F. BARKLEY, Information Circular 7588, United 
States Bureau of Mines, December 1950. 


This 34 page information circular is a revision of Information Circular 7090, published in 
1939. Since then there have been many new ordinances and regulations. Most of the circular 
consists of text and discussion of actual and proposed regulation; as an example, the rules 
and regulations for Washington, D. C., are given in full. In the final four pages methods of 


smoke abatement usable at individual plants are discussed, applicable to stokers and to hand- 
fired boilers. Inpust. Hyc. Dicest. 


Ventilating, Air Conditioning and Engineering Control 


New Lazsoratory Hoops Cut Arr ConprrioninG Loap. 


Joun F. Turner, Heating, 
Piping & Air Conditioning 23:113 (Jan.) 1951. 


With the increasing precision of laboratory instrumentation goes the precise control of air 
conditions. Use of laboratory fume hoods varies the air-conditioning load from a minimum with 
all hoods closed to a maximum with all open. Design of air-conditioning equipment for the 
maximum condition is expensive; underdesign assuming a 50 per cent usage factor is dangerous. 
A method of design for a constant small amount is presented here. 

In the conventional 8 ft. (2.5 m.) fume hood the vertical sash is replaced by two horizontal 
sliding glass panels. If these panels are mechanically or electrically connected to a bypass 
damper in the top of the hood so that as the panels close the damper opens, the air velocity at 
the hood face and the total air quantity are maintained constant. 

By removing the vertical sash rails and installing side inlet air-flow shapes in conjunction 
with a bottom inlet air-flow vane, the air velocity can be reduced from the present standard 
minimum of 100 fpm, to 50 fpm, with better exhaust flow and elimination of any eddy currents 
at the sides. 


A small opening is provided at the bottom in back of a safety spill shelf to provide continuous 
scavenging when the panels are closed. 


The 50 per cent reduction in both face area and face velocity, with the bypass damper, gives 
a lower constant air-conditioning load and a safer hood at the expense of some accessibility. 


Cuartes E. Boston. 


Arr sy InpusTRIAL Fumes, GAses AND Dusts. 


Louts C. McCase, Mining Eng. 
187:971-973, 1950. 


This discussion of control of atmospheric contamination by industrial plants refers specifically 
to the Los Angeles area. Pilot tests on two open hearth steel furnaces proved that either a 


Venturi scrubber or an electrostatic precipitator will meet Los Angeles standards successfully 
in collecting fume and dust. The fume-discharge problem of the electric steel furnace was solved 
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by using a hood system, which used a limited amount of air and discharged through a wet 
dynamic precipitator. Modified wet scrubbers and mechanical separators were unsatisfactory 
in the nonferrous industry, but filter type collectors were satisfactory under proper hoods. 


Cuem. Asst. 


Tue Suppression or Dusts THat May Propuce Sritcosts. C. Drovarp, Rev. méd. miniére, 
(Oct.-Nov.-Dec.) 1949, no. 8, p. 3. 


A coordinated plan is described for defining and preventing silicosis hazard. The author 
reviews all the methods actually in use or which have been tried: water infusion, dust traps, 
sprays, and masks. He describes a program of trials of different methods known to suppress 
dust and the conditions necessary for their success, emphasizing that in this field collaboration 


between medical men and engineers is absolutely essential. ENcLIsH SUMMARY. 


Accidents and Their Prevention; Protective Equipment 


PRorecTIVE CLOTHING FOR WoRKING WITH MERCURY AND ITs CLEANING FROM THE LATTER. 
K. V. Micat, Gigiena i sanit., 1950, no. 6, pp. 17-20. 


Vapor permeability tests (static) showed that all cotton, flax, and wool fabrics are penetrable 
within one to two hours ; rubber-treated and plastic-treated cloth in three to five hours. The best 
was a protective fabric developed by the Kharkov Industrial Health Institute (not described) 
which gave no penetration for three to five days. Since all fabrics are permeable to vapors, 
the ease of contamination by the metal is the only controllable factor, on the basis of which 
tightly woven cotton fabrics are best and are recommended. Directions for washing are supplied. 


G. M. K. CHem. Asst. 


A DeratLep CLASSIFICATION OF Mrintnc Accipents. C. Drovarp, Rev. méd. miniére, 1950, 
nos. 9 and 10, p. 3. 


Drouard describes the method he uses in assembling information concerning accidents and 
the most satisfactory mode of presenting statistics of this nature. He then classifies the accidents, 
taking into account their cause and the district in which they most frequently occur. 


ADAPTATION OF ENGLISH SUMMARY. 


PoIsONING AND ACCIDENTS CAUSED BY THE HANDLING oF Fire EXTINGUISHERS. M. MARCHAND, 
Rev. méd. miniére, 1950, nos. 9 and 10, p. 9. 


Marchand describes five cases of poisoning or accident caused by different types of fire 
extinguishers. Two of the patients, after carbon tetrachloride poisoning, had hepatonephritis, 
from which they were able to recover. Two other patients had methyl bromide-caused burns, 
which left keloid scars. The fifth patient had been fatally injured by a carbon dioxide 
extinguisher. After reviewing the various types of extinguishers in use, the author stresses the 


importance of their standardization and maintenance. 


Radioactive Substances and X-Ray 


PLANNING A SMALL RapiorsoTope ProcramM. G. W. Riep and O. M. Bizzett, Indust. Med. 
19:549-553 (Dec.) 1950. 


Ried and Bizzell offer practical information to those contemplating the use of radioisotopes 
in research. Listed foremost among the prerequisites is thorough training in the handling of 
radioisotopes. The various training courses offered by the Atomic Energy Commission, the 
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United States Public Health Service, and various universities are mentioned. A typical labor- 
atory layout is suggested, as well as the major items of equipment, such as laboratory furniture, 
hoods, counting and monitoring instruments, remote control devices, special shielding, and the 
isotopes themselves. A figure of $5,000 is given as the cost of outfitting such a laboratory. The 
minimum requirements for a health physics and waste disposal program are outlined. Listed 
are the research activities of various agencies in connection with disposal of radioactive liquid 


ir-borne wastes. 
and air-borne wastes A. T. Rossano, Boston. 


Tue AppraAIsAL OF DETERGENCY THROUGH Raproactive Isoropes. CAREY P. McCorp and 
Russevvt L. Ropertson, Indust. Med. 19:554-557 (Dec.) 1950. 


A method for the appraisal of detergency is described, employing radioactive copper as the 
tracer agent. Application demonstrates significant differences in the properties of divers deter- 
gents used in industry. It is emphasized that high detergency alone is never a suitable index for 
the over-all appraisal of a detergent. Preservation of the skin is a requirement equal in import 


to soil removal. AuTHors’ SUMMARY. 
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News and Comment 


TRANSACTIONS OF THE ASSOCIATION OF INDUSTRIAL MEDICAL OFFICERS 


The Association of Industrial Medical Officers has announced that it will shortly begin 
quarterly publication of the transactions of the association. It will contain papers read at the 
meeting of the association as well as contributions of other members. Subscriptions will be 
£1.0.0. per annum. Communications concerning the journal should be addressed to J. A. A. 


Mekelburg, honorary secretary, Peek Frean & Co. Ltd., Keetons Road, Bermondsey, London, 
S. E. 16, England. 


INDUSTRIAL HYGIENE NEWSLETTER CHANGES NAME 


With the April 1951 issue the name of the /ndustrial Hygiene Newsletter was changed to the 
Industrial Health Monthly. The purpose and policies of the publication will remain the same. 
It will continue to serve as a medium for the interchange of news among state and local 
industrial hygiene staffs. Information will be included as usual on the developments in industrial 
health activities over the nation. In keeping with previous practice, material will be selected 
for its value to industrial managers, physicians, nurses, engineers and chemists, labor leaders 
and educators, as well as governmental industrial hygienists. The /ndustrial Health Monthly 
is mailed free of charge to personnel in governmental employment. Requests should be directed 
to the Division of Industrial Hygiene, Public Health Service, Federal Security Agency, 
Washington 25, D. C. It is available to others for $1.00 a year (domestic mailing) or $1.25 
(foreign mailing) from the Government Printing Office, Washington 25, D. C. 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter, April 30, 1951 


The First Louisville Area Industrial Health Conference was held at Louisville, Ky., on 
Feb. 2, 1951, under the auspices of the Louisville Chamber of Commerce. The evening dinner 
meeting was jointly sponsored by the American Association of Industrial Physicians and Sur- 
geons, the American Association of Industrial Nurses, the American Industrial Hygiene Asso- 
ciation and the Associated Industries of Kentucky. Dr. Gradie Rowntree, chairman of the 
Committee on Industrial Medicine and Surgery of the Kentucky State Medical Association 
and director of the Medical Department of the C. T. Dearing Printing Company, served as 
chairman. About 120 guests were in attendance. 


Prior to the conference, Dr. Sam A. Overstreet, president of the Kentucky State Medical 
Association, commented, “I feel that one of the most important aims in medical practice is 
to develop adequate medical care in industry throughout our State. Programs of medical 
guidance and health maintenance for workers in industry make a very real contribution not only 
to industry itself, but also to the community as well.” 

The program was arranged around the theme “Healthy Employees Are Better Employees” ; 
and brought to Louisville outstanding speakers in the field of industrial health, whose aim in 
assisting with the conference was to help management overcome the problems of absenteeism 
and conservation of manpower, and bring to them an awareness of the “dollars and cents” 
importance of a well-planned medical program in industry. Dr. Edward C. Holmblad, managing 
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director of the American Association of Industrial Physicians and Surgeons, stressed the 
increasing need for “Conservation of Manpower,” while Mrs. Gladys L. Dundore, executive 
secretary of the American Association of Industrial Nurses, emphasized teamwork in her talk, 
“Practical Partnership—How to Make It Work.” “The Value of an Industrial Health 
Program in Industry” was outlined by Mr. C. L. Schwyhart, industrial training director, Cater- 
pillar Tractor Company, Peoria, Ill. Mr. Kenneth M. Morse, chief of the Bureau of Industrial 
Hygiene, Illinois Department of Public Health, discussed the importance of “A Healthy Work- 
place—Its Relation to Production and Labor Relations.” 

The success of the meeting was indicated by the expressed desire of management and health 
workers alike that these conferences should be held at regularly scheduled intervals. This is 
a practical demonstration of how an evening meeting can attract national talent and the right 
local audience when the sponsors give their wholehearted and purposeful support. Others 
who have been looking around for just the right type of program to fit their needs may find this 
to be the answer. 
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allergies 
are 
always 
with us 


ALWAYS AVAILABLE 


BENADRYL 


FOR RAPID SUSTAINED RELIEF 


Angioneurotic edema in January or vernal conjunctivitis in June 
brings patients to you seeking relief from their symptoms. BENADRYL 
is often the answer for many of these patients, regardless of the 
exciting allergen or of the shock tissue. 


Hundreds of clinical reports have shown the value of BENADRYL 

in acute and chronic urticaria, vasomotor rhinitis, hay fever, 

contact dermatitis, erythema multiforme, pruritic dermatoses, 
dermographism, drug sensitization, penicillin reactions, serum sickness, 
and food allergy. 

To facilitate individualized dosage and flexibility of administration, BENADRYL 
Hydrochloride (diphenhydramine hydrochloride, Parke-Davis) is available in a variety 
of forms—including Kapseals,® 50 mg. each; Capsules, 25 mg. each; Elixir, 10 mg. 

per teaspoonful; and Steri-Vials,® 10 mg. per ce. for parenteral therapy. 


PARKE. DAVIS & COMPANY x 
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Hoctor—nhere is a protective skin creme now accepted 


by the Committee on Cosmetics of the AMERICAN MEDICAL 
ASSOCIATION— 


CASIL PROTECTIVE SKIN CREME 


It is quick and easy to apply. The Protective film guards the skin and 
it washes off in water. No dirt—pigments—or paints can touch the 
skin when CASIL PROTECTIVE SKIN CREME is applied properly. 
Less than .5 of 1% free alkali. 


Thirty days or monthly buying suggested. Price $8.50 per case of 
4—5 # cans. F.O.B. Chicago. 


Send order to: P.O. Box 208, Evanston, Illinois, or telephone UN 4-7339 
(exchange is University). 


THE DERMO COMPANY 


MEDICAL RESEARCH COUNCIL 
OF GREAT BRITAIN 


Selected Publications 
Report of the Medical Research Council 
for the years 1945-1948. 
$1.25 including postage 
Researches on the Measurement of 


Human Performance. By N. H. Mack- 
worth. Special Report Series No. 268 


$1 including postage 


Infection and Sepsis in Wounds of the 
Hand. By R. E. O. Williams and A. A. 
Miles. Special Report Series No. 266 


POWDERED SOAP 40¢ including postage 


The Relation Between Illumination and 
Visual Efficiency. The Effect of Bright- 
ness Contrast. By H. C. Weston. J. H. R. B. 
Report No. 87 


25¢ including postage 


British GOVERNMENT PUBLICATIONS: SEC- 
TIONAL List No. 12 


A catalogue of the publications of the Medical 
Research Council and their Industrial Health 
Research Board. Free of charge. 
OBTAINABLE FROM 
BRITISH INFORMATION SERVICES 
30 Rockefeller Plaza, New York 20 


LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 
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right through the menopause 


I. Is YOU who must convince her that the climacteric 
is not the end of an active life. And SULESTREX—as 
effective estrogen therapy as science has yet created— 
. will help to prove your point. SULESTREX is a pure 
that imparts no odor, no taste, estrone salt, stable and reproducible. It contains no 
other urinary constituents, will never taint the breath 
or perspiration. 

no aftertaste In a recent study of 58 standardized menopausal 
patients, Perloff! found SULESTREX a “potent and effec- 
tive oral estrogen with an extremely low incidence of 
nausea.’ Symptoms were controlled with from 0.5 mg. 
to 4.5 mg. of SULESTREX daily. Other trials have also 
shown that response to the drug will be constant, 
predictable and relatively free from undesirable side- 
effects. SULESTREX, in tiny white, uncoated tablets, is 
available at pharmacies everywhere in 0.75- and 1.5-mg. 

potencies. Write for more information. 


Abbott Laboratories, North Chicago, I. AbGott 


Sulestr CY Piperazine Tablets 


TRACE 


... OFal estrogen therapy 


L Perlofl, Wm. H., Treatment of the Menopause. Ii. In press. (PIPERAZINE ESTRONE SULFATE, ABBOTT) 
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APPROVED 
RESPIRATORY 
PROTECTIVE 


EQUIPMENT 


Since the very beginning of the war on 
occupational diseases of the respiratory 
system, Willson has cooperated wit 

outstanding authorities to overcome the 
hazards contributing to such ailments. 
Through continuing research, many 
respiratory protective devices have been 


Testing gas mask canisters to be sure they will conform 
to U. S. Bureau of Mines requirements. Tests are made in 
initial experimental stage and also on the production line 
at regular intervals to insure quality and uniformity of 
the product. 


To make certain that Willson gas mask canisters are mois- 
ture proof, they are given this improved humidification test 
in our industrial hygiene laboratories. 


developed and perfected to filter out 
dusts, fumes, mists, gases and vapors 
found in industrial atmospheres. Today, 
more U. S. Bureau of Mines approvals 
have been granted to Willson Products, 
Inc. for such equipment than any other 
manufacturer. 


Dependable Products Since 1870 


WILLSON PRODUCTS, INC., 211 WASHINGTON STREET, READING, PENNA. 
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